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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 
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FASTA Search Result IV Rrfevencx 1 

Commuted at GenomeNet FASTA Server (Kyoto Center) on Wed Jun 2 20:04:54 JST 2004 



Database Name NR-AA 
>auery 

1MIEIN0LKK SFGVRIIWQG LSHKFLPGTM TAITGASGSG KSTLLNCLGT 
L51 DKPSSGQ ILVEDVDLLK LSTRKQRLYR KNTVGYLFflD YALIPDRTVK 
FNL101QLAV EKHKWPEIPQ VLHAVGLESF EEKPVFELSG GEQQRTALAR 
VLLKNP151R 1 1 LAOEPTGA LDITNSEIVI EALRALADKG ATVWATHSP 
LFRESADTI2 01IKL 



WARNING: possibly wrong combination 
command: fasta 
query: (Not FASTA Format) 
database: nr-aa (Prot) 

command query database 

fasta Prot Prot 

Nucl Nucl 

tfasta Prot Nucl 



FASTA searches a protein or ONA sequence data bank 
version 3.4t10 Dec 12. 2001 
LLe.M.e_cJ_te: 

V.R. Pearson SD. J. Lipman PNAS (1988) 85:2444-2448 

/bio/locai/WllW/pub/trap/fasta. 68432364/fasta. tnip: 203 aa 
>query 

vs /bio/db/blast/db/nr-aa library 
searching /bio/db/blast/db/nr-aa library 

opt E0 
< 20 4820 0:= 

22 5 0:= one = represents 2646 library sequences 

24 25 1:* 

26 111 32:* 

28 804 349:4 

30 3193 2122:*= 

32 9990 8204:==* 

34 24842 22248 :==«==*= 

36 48798 45G92 :===»«==—*= 

38 76872 75511 :===========«=======*= 

40 111112 105331 =============== 

42 142638 1287S5:===========r========= ==3c==== ^ == ^ ==== ^ ==r 

44 156662 142028:==== 

46 158731 144659 :==========================«. 



48 148286 138495:==— =====— ====== D =====^========= ========= ~ =t - 

50 126410 126377:=— ==«===========:========== ~ t 

52 108134 1111 06 :=========:=«============,;.-* 

54 89128 94S 04: ==-===========-==-======= t 

56 72856 79274:============«c===== * 

58 57683 65083:================ t 

60 45073 52721:============ * 

62 35897 42266:======== * 

64 28047 33614:====== * 

66 21218 26S68:=~=c= * 
68 16380 20898:====* 

70 12373 16377:== * 
72 9488 12797:====* 
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inset = represents 234 library sequences 



500240239 residues in 1551842 sequences 
statistics extrapolated from 60000 to 1540015 sentiences 
Expectations fit: rho(ln(x))= 4. 6919+/-Q. 000193; mu=. 11. 2022+/- a 011 
mean_var=74.8953+/-16. 395. 0*s: 157 Z-trim: 407 B-t rim: - 2437 in 2/63 
Lambda= a 1482 

Kolmogonw-Smlrnov statistic: 0.0444 (N=29) at 50 

FASTA (3. 44 Dec 2001) function [optimized, /bio/db/fasta/notrix/aa/blosum50 matrix (15:-5)] ktup: 
join: 36. opt: 24, open/ext: -10/-2, width: 16 
Scan time: 267.910 

The best s cores ar e: opt bits 6(1551842) 

Top 10 \ Clear | Select operation 



Exeo 



0P.lr.:MOI9 IG95079] ABC transporter. ATP-binding 
0P£fj25J)4a43J; 0RF - Streptococcus pneumoniae>tr:Q9 
0pJ.r.:B919.47 [B979473 hypothetical protein ABC-NBD 
Bp.rfj2805303ELE ABC transporter - Clostridium perf 
0.tr.:.Q892J8 [Q892J8] Transporter. >gp:AE015943_1 11 [ 
0p.ir:E95232 [E95232J ABC transoorter, ATP-binding 
0Pj_riG952.28 IG95228] ABC transporter, ATP-binding 
0p..rf:27135O1E ATP-binding protein - Lactococcus la 
0P1EIA95O13 [A95013] hypothetical protein SP0111 I 
0pJxiPi7884 [D97884] hypothetical protein ABC-NBD 

□ prf.: 2724351 JF ABC transporter - Streptomyces aver 

□ plji;B866.?J. [B86626] ABC transporter ATP-binding P 

□ d..LqP6?4.33 [069433] ABC transporter. ATP-binding 

□ sp:Y065JJYCPN [P75612J Hypothetical ABC transport 

□ .trLQ9L0J9 [Q9L0J9] Putative ABC- transporter ATP-b 

□ piU.B69377 [B69377] ABC transporter, ATP-binding 

□ prf :27l9J86Ay.G ABC transporter - Sulfolobus tokod 
□p.r.fj28J3.338EK.K MWP018 gene - Staphylococcus aureu 

□ tr:Q8P0U2 [Q8P0U2] Putative ABC transporter (ATP- 

□ pjx:A84P.88 [A84088] ABC transporter (ATP-binding 

□ p.i.r..:B97_087 [B970873 ABC-type transport system AT 



( 213) 


524 


120 3. 6e-26 


( 213) 


521 


120 5. 6e-26 


( 213) 


520 


120 6.5e-26 


( 211) 


519 


119 7. 5e-26 


( 212) 


514 


118 1. 6e-25 


( 213) 


513 


118 1. 8e-25 


( 210) 


492 


114 4. 1e-24 


( 207) 


490 


113 5.4e-24 


( 213) 


487 


113 8. 6e-24 


( 213) 
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112 1e-23 


( 248) 
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110 5. 9e-23 
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( 232] 
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107 5.4e-22 


( 233) 


459 


107 5.8e-22 


( 228) 
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106 6. 7e-22 


( 255) 
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106 8.3e-22 
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□„tr:.(18RC.C2 [Q8RCC2] ABC-tyoe polar amino acid tran 

□ ft.l.riAJ17P.9. [AH17093 ABC transporter (ATP-binding 

□ pir:D97973 [D97973] hypothetical protein ABC-NBD 
□.t.r_LQ7£5jiZ [Q7PS37] ABC transporter ATP-binding pr 

□ tr.Q9C«47. [Q9CM473 Hypothetical protein PM099&>g 
□Xrj„Q88£8.8, [QBBF8S] ABC exnort system, oermease/AT 

□ tr:Q81K43 IQ81K433 ABC transporter. ATP-binding p 
□jttnA^835.5.6j} [AAR35564] ABC transporter. ATP-bi 

□ ,t.rj,Q8P.Y.B.3 [Q8PY83] ABC transporter, ATP-binding p 

□ sP.lBP.EA_BACSU (034697) Bacitracin export ATP-bi nd 
OpiaABJ33? [AB1339) ABC transporter (ATP-binding 

□ prf:2805,303A^ ABC transporter - Clostridium perf 

□ lG.ft9.2M W92NU9J Probable transmembrane ATP-bin 

□ pj.rj,D69858 [0698581 ABC transporter (ATP-binding 

□ pir.:G96jJ29 [G969291 ABC transporter ATP-binding o 
□.tllQ8IQ8.3 (Q8TQ83] Lipoprotein releasing system. 
□pjX:.D.69.62Z [D69627] eel I -division ATP-binding pro 

□ pin.B86714 D3867141 hypothetical protein yhcA [in 
□jt/A6.tfJJ^F.34n7 [AAR34717] ABC transporter. ATP-bi 

□ orf:2 82430lB bacitracin resistance-related protei 

□ .trnew:.AAT04916. [AAT04916] ABC transporter. ATP-bi 

□ tr:Q8GSSl [Q8G5S1] Possible ATP binding protein o 
Dp,i.r.;T3,6431 [T3G431] probable ABC-type transport s 

□ trnew:CAE5041S [CAE50415] Putative ABC transport 
□itJJfiMKS IQ8DUD2] Putative ABC transporter, ATP- 

□ iOft8£E.lS. IQ8PFI51 ABC transporter ATP-binding pr 

□ sp.;L.0LD_EC0L6 [Q8FIM7J Lipoprotein releasing syst 

□ sp.:L0LDJ.HJ£.l (Q83RS0] Lipoprotein releasing syst 

□ trnewACAF30191 [CAF30191] ABC transporter:ATPase 

□ pjrjA83744 [A83744] ABC transporter (ATP-binding 

□ p.rJ.:.?90J4QPRM ABC transporter - Mycoplasma oenetr 
□pjJClB9il46 (B971461 ABC-type transport system. AT 

□ t.c;.Q884D4 [Q884D4] Macrolide ABC efflux protein. > 

□ tr:.Q8R8W (Q8R8L8] Predicted ATPase involved in c 
□PXU&824433GH ABC transporter - Oceanobacillus ih 

»pir.:.G95J)79 [695079] ABC transporter, ATP-binding prote (213 aa) 

initn: 438 inltl: 284 opt: 524 Z-score: 613.5 bits: 120.5 E0 : a 6e-26 
Smith-Waterman score: 524; 41.905* identity (44. 000X ungapped) in 210 aa overlap (1-203:1-207) 
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query 



10 20 3D 40 50 60 

Ml El NDLKKSFGVRI LWQGLSHKFLPQTUTALT6ASGSGKSTLLNCLGTLDKPSSGQI LV 



Pi r :G9 M I ELKN I SKKFGSRQLFSDMNLHFEGGK I YAL I GTSGCGKTTLLNM I GRLEP YDKGQ 1 1 Y 
10 20 30 40 50 60 



query 



70 80 90 100 

EDV OLLKL STR KQ RLYR KNTVGYLFQD YAL 1 PDRTVKFNLQL A V- 



110 
-EKHKWPEIPQ 



p i r : G9 DGTSLKD I — KPSVFFRDYLGYLFQDFGL I ESQTVKENLNLGLVGKKLKEKEK I SLMKQ 
70 80 90 100 110 



120 



130 



140 



ISO 



160 



170 
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query VLHAVGLESFE-EKPVFELS6GEQQRTALARVLLKNPR 1 1 LADEPTGALDLTNSELV I EA 

pir:G9 AUIRVNLSYLDUCQP I FELSGGEAQRVALAK II LKDPPL i LADEPTASLD PKNSEELLS I . 
120 130 140 150 160 170 

180 190 200 
que ry LRALAOKGATWVATHSPL FRESADT 1 1 KL 

pi r:69 LESLWiPNET*] 1 1 ATHMPLI WEQVDQV I RVTDLSHR 
180 190 200 210 

>>P/jLZ5_04MR ORF - Streptococcus pneumoniae>tr:Q9ZHB1 (213 aa) 

Inltn: 434 initl: 284 opt: 521 Z-score: 610.0 bits: 119. 9 E0: 5. 6e-26 
Smith-Waterman score: S21; 41.9055! identity (44 000X unmapped) in 210 aa overlap (1-203:1-207) 

10 20 30 40 50 60 

query Ml E I NDLKKSFGVR I LWQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLDKPSSGQI LV 

prf:25 M 1 ELMJI SKXF GS RQLFSDTNLKFEGGKI YAL 1 6TSGCGHTTLLNMI GRLE P YDKGQ 1 1 V X 
10 20 30 40 50 60 

70 80 90 100 110 
query EDVDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLAV EKHKWPEIPQ 

prf :2S DGTSLKd'i — WSVFFRbYLGYLFQOFGL i ESOJ VKENLNLGLVGKKLKEKEK I SLMKQ 
70 80 90 100 110 

120 130 140 150 160 170 

query VLHAVGLESFE-EKPVFELSGGEQORTALARVLLKNPR 1 1 LADEPTGALDLTNSELV I EA 

prf :25 ALNRVNLSYLOLKQP I FELSGGEAQRVALAK I 1 LKDPPL i UOEPTASLDPKNSEELLS I 
120 130 140 150 160 170 

180 190 200 
query LRALAOKGATWVATHSPL FRESADT 1 1 KL 

prf :25 LESLKNPNRT 1 1 1 ATHNPL I WEQVDQV I RVTDLSHR 
180 190 200 210 

>>Pm.B97947 ©97947] hypothetical protein ABC-NBD Cimpo (213 aa] ^C^^'V' 
initn: 434 initl: 284 opt: 520 Z-score: 608. 9 bits: 119. 6 E 0 : 6. 5e-26 
Smith-Waterman score: 520; 41. 90S* identity (44. 000X unmapped) in 210 aa overlap (1-203:1-207) 

10 20 30 40 50 60 

query M I E I NDLKKS FGVR I LIKQGLSHKFLPGWALTGASGSGKSTLLNCLGTLDKPSSGQ I L V 

Pi r : B9 Ml ELkNlSKKFG SRQLFSDTNLHFEGGk'i YAL I GTSGCGKTT LLNMl GRLEPYDKGqTi Y 
10 20 30 40 50 60 

70 80 90 100 110 
query EDVOL LKLSTRKQRLYRKHTVGYLFQDYAL I PDRTVKFNLQLAV EKHKWPEIPQ 

D i r : B9 DGTSLKD I — KPSVFFRDYLGYLFQDFGL i ESQTVffiNLNLGLVGKKLKEKEK I SLMKQ 
70 80 90 100 110 

120 130 140 150 160 170 

query VLHAVGLESFE-EKPVFELSGGEQQRTALARVLLKNPR 1 1 LADEPTGALDLTNSELV I EA 

P i r : B9 ALNRVNUyLdlKQP I FELSGGEAQRVALAK I I LKOPPL i UDEPTASLDPKNSEELLS I 
120 130 140 150 160 170 

180 190 200 
Query LRALADKGATWVATHSPLFRESADT 1 1 KL 



P i r : B9 LESLKNPNRTI 1 1 ATHNPL I WEQVDQV I RVTDLSHR 
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180 190 ZOO 210 

»prf : 2805303ELE ABC transporter - Clostridium perfringe (211 aa) 

initn: 539 initl: 289 opt: 519 Z-score: 607.7 bits: 119.4 E0: 7.56-26 
Smith-Waterman score: 519; 40.1913 identity [41.379% uncapped) in 209 aa overlap (1-203:3-211) 

10 20 30 40 50 

query U I E I NDLKKSFGVR 1 LWQGLSHKFLPGTMT ALTGASGSGKSTLLNCLGTLDKPSSGQ i 



prf:28 MM IE ISNLNKKYFDKVI FKDFSLS I KKGEM I Al SGRSGCGKSTLLMM I GL I EKFDSGE I 
10 20 30 40 50 60 

60 70 80 90 100 110 
auery LVEDVDLLKLSTRKflRLYRKNTVGYLFQDYAL I PDRTVKFNLQLAVE KfWEI 



prf :28 1 1 DGVKN I K I NSKLAN KFLREK 1 SYLFQNFAIVDEET V EENLRLA I KHT I KNTKK I EEE I 
70 80 90 100 110 120 

120 130 140 150 . 160 170 
query PQVLhWGLESFEEKPVFELSGGEQQRTALARVLLKNPR 1 1 LADEPTGALDLTNSELV I E 

prf : 28 I RCLKFVGLEGCQKNY1 YELSGGEQQRVA I ARlilLKPSE 1 1 LADEPTGSLDEENRDI I is 
130 140 150 160 170 180 

180 190 200 
qu e ry ALRALADKGATVWATHSPLFRESADT 1 1 KL 



prf :28 LLKELNESGKTI I IVTHDNYVAKQADRI IFL 
190 200 210 

>>t.CLQ.89?.J8 [Q892J8] Transporter. >gp:AE015943_1 11 IAE015 (212 aa) 

initn: 282 initl: 28^-opfT~5l4^Z-score: 601-9 bits: 1114 E0: 1. 6e-25 
Smith-Waterman score: 514; 43.077* identity (44.444% ungapped) in 195 aa overlap (1-189:3-197) 

10 20 30 40 50 

query Ml E I NDLKKSFGVR I LWQGLSHKFLPGWALTGASGSGKSTLLNCLGTLDKPSSGQ I 

tr:Q89 MSI VKMEN I TKKFGDK i I LNNFSLOI QDGELLAVTGASGSGKST I LN 1 1 GLLEGFDSGKL -r- w .+-„ / 

10 20 30 40 so 60 Wc^y*!* r 

60 70 80 90 100 110 

query LVEDVDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLA — VEKHKWPE — I 



tr:Q39 | LDGDEN I Kl NSSKSNK I LREKI GYLFQNFALVDEETVYYNLHLALKYVKKKKKEKDEL I 
70 80 90 100 110 120 

120 130 140 150 160 170 
query PQVLHAVGLESFEEKPVFELSGGEQQRTALARVLLKNPR 1 1 LADEPTGALDLTNSELV I E 



tr:Q89 KNVLKQMNLEGYEKRK I FELSGGEQQRVS I ARU.LKPSK 1 1 LADEPTGSLDAKNRDLVLY 
130 140 150 160 170 180 

180 190 200 
query ALRALADKGATVWATHSPLFRESADT 1 1 KL 

tr:Q89 YLNKLNKEGKTVI WTHDMEVAKKCHRTI SLN 
190 200 210 

»P_lgE9.5232 1E95232] ABC transporter. ATP-binding prote (213 aa) "W^T^ 

initn: 445 inltl: 266 opt: 513 Z-score: 600.8 bits: 118.1 E0: 1. 8e-25 
Smith-Waterman score: 513: 42. 857X identity (45. 000X ungapped) in 210 aa overlap (1-203:1-207) 

10 20 30 40 50 SO 

query Ml El NDLKKSFGVR] LWQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLDKPSSGQ I LV 
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pi r:E9 MIDI QGLEKKFNDRA I FSGLNLKLEKGKVYAL I GKSGSGKTTLLN I LGKLEKJ DGGRVLY 
10 20 30 40 50 50 

70 80 90 100 110 120 

que ry EDVDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLAVEKHKWPE I PQVLHAVG 



p i r : E9 QGKDLKT I PTRE — YFROQMGYLFQNFGI.LENQS I KENLDLGFVGQKI SKVERLERQVG 
70 80 90 100 110 

130 140 150 160 170 

que ry -LESFE EKPVFELSGGEQQRTALARVLLKNPR 1 1 LAD EPTGALD LTMSELV I EA 



Dlr:E9 ALEKVNLGYLDLEQKI YTLSGGEAQRVALAKT I LKNPPL I LADEPTAALDPENSEEVMNL 
120 130 140 150 160 170 

180 190 200 
que ry LRALADKGATVWATHSPLFRESADTI I KL 



p I r : E9 LVDLKDENRI 1 1 IATHNPLVWNKADE! I DMRKLAHV 
180 190 200 210 

»pj.r_:G95228 [G35228] ABC transporter, ATP-binding prote (210 aa) 

initn: 500 initl: 270 opt: 492 Z-score: 576. 6 hits: 113.6 E0: 4 1 e-24 
Smith-Waterman score: 492; 40. 9525! i dent i ty (43. 216% unmapped) in 210 aa overlap (1-203:1-206) 

10 20 30 40 50 60 

que ry Ml E I NDLKKSFGVR I LWQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLDKPSSGQ I LV 



pir:G9 M I ELKQV5KS FGERELFSNLSMTFEA6KVYAL I GSSGSGKTTLMMYI I GKLE-PYDGTI FY 
10 2 0 30 40 50 

70 80 90 100 110 
query EDVDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLAVEKHKWPE IP Q 



pi r :G9 RGKDL— ANYKSSOFFRHELGYLFQNFGLI ENQS IEENLKLGLIGQKLSRSEQRLRQKQ 
60 70 80 90 . 100 110 

120 130 140 150 160 170 

query VLHAVGLESFE-EKPVFELSGGEQQRTALARVLLKNPRI ILADEPTGALDLTNSELVIEA 

pi r:G9 ALEQVGtVYLDLDKRI FELSGGESQRVA L AKI "l LKNPPF i LADEPTASI DPATSQL IMEI 
120 130 140 150 160 170 

180 190 200 
query LRALADKGATWVATHSPLFRESADT 1 1 KL 



pi r :G9 LLSLRDDNRL J 1 1 ATHNPA I WEMADEVFTMDHLK 
180 190 200 210 

>>ejr_£l2.71.3501E ATP-hindlng protein - Lactococcus I act is (207 aa) 
initn: 422 initl: 236 oot: 490 Z-score: 574.3 bits: 113. Z E 0 : 5.4e-24 
Smith-Waterman score: 490; 41.905% identity (44, 00035 unmapped) in 210 aa overlap (1-203:1-207) 

10 20 30 40 50 60 

query M I E I NDLKKSFGVR I LWQGLSHKFL PGTMTALTGASGSGKSTLLNCLGTLDKPSSGQ I LV 

prf:27 M i ELKN lEKSYDNHN I LHNf'nYQFKDHKSYALVWSGSGCTTLLN II GRLELPOKGD i LI 
10 20 30 40 50 60 



70 80 90 100 110 T „ 

query EDVDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLAV EKHKWPEI— PQ -\\^\ D ^ 

orf:27 DD -0NLK— T I PE RRYr^YLGYLFQMYGL I ONES I KDNL KLAF I GKKLKNQDQE 1 1 MSK 
70 80 90 100 110 
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im'A- 55*580 ; 0442443B1 3 # 7/ 10 



120 130 140 ISO 160 170 

query VLHAVGLESFE-EKPVFELSGGEQQRTALARVLLKNPR I ILADEPTGALDLTHSELV I EA 

prf :27 ALSKVGLENYN 1 DRKI FSLSGGEAQRVA I AKU "l KSPP i i LADEPT GSLDRETGKEVMO I 
120 130 140 150 160 170 

180 190 200 
auery LMLADKGATVWATHSrtFRESADT 1 1 KL 



prf: 27 LLSLVKENTTVI IATHDSHVYNRVDSI INL 
180 ISO 200 

»plr:A950]3 [A95013] hypothetical protein SP0111 [Impor (213 a a) 

initn: 263 initl: 263 opt: 487 Z-score: 570.7 bits: 112.6 EC : 8, 6e-24 
Smith-Waterman score: 487; 40.191% identity (41.379% ungapped) In 209 aa overlap (1-203:1-209) 

10 20 3D 40 50 60 

query M I El NDLKKSFGVR I LWQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLDKPSSGQ I LV 



Pi r :A9 MIELKNJTKTI GGKVJ LDNLSLR I DQGDLVAI VGKSGSGKSTLLNLUGL IDG0YSGRYEI 

10 20 30 40 50 60 ^ 

70 80 90 100 110 

Que ry EDVDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLCLAVEKHKWPE — — I PQ 

Pi r:A9 FGQTNUVNSAKSQJI I REHI SYLFQNFAU DDETVEYNUJULiw 

70 80 90 100 110 120 

120 130 140 150 160 170 
auery VLHAVGLESF6EKPVFELSGGEQQRTALARVLLKNPR 1 1 LADEPTGALOLTNSELV I EAL 

p i r : A9 "l LERVttSATLHQRVSELSGGEQftR I AVARAI LKP5QL i LADEPTGS LDPENRDLVLKFL 
130 140 150 160 170 180 

180 190 200 
query RALADKGATWVATHS PLFRESADT I IKL 

pir:A9 LEMNREGKT VI I VTHDAYVAQQCHR i iELGEGK 
190 200 210 

»Pj±lM$M [D97884] hypothetical protein ABC-NBD [impo 1213 aa) 

initn: 263 inltl: 263 opt: 486 2-score: 569.6 bits: 112.4 E0: 1e-23 
Smith-Waterman score: 486; 39.713X identity (40.887X ungapped) in 209 aa overlap (1-203:1-209) 

10 20 30 40 50 60 

auery M I EI NDLKKSFGVR I LffQGLSHKFLPGTMTALTGASGSGKSTL'LNCLGTLDKPSSGQ E LV 



pir:D9 M I ELKN I TKTI GGKV I LDNLSLR I DQGDLVA I VG^SG^flKSTLLNLLGLI DGDYSGRYEI ^ »+ JT\M^ 
10 20 30 40 50 60 

70 80 90 100 110 \b 
auery EDVDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLAVEKHKWPE— IPQ n° 

pir:D9 FGQTNLAVNSAKSQT 1 1 REHI SYLFQfffAL i DDETVEYNLMLALKY VKLPKKDKLWW 
70 80 90 100 110 120 

T20 130 140 150 160 170 
query VLHAVGLESFEEKPVFELSGGEQQRTALARVLLKNPR 1 1 LADEPTGALOLTNSELV I EAL 

p i r :D9 I LERVGLSATLHQRVSELSG GEQ QR I AVARAI LKPSQL i LADEPT GSLDPENRDL VLKFL 
130 140 ISO 160 170 180 

180 190 200 
ouery RALADKGATVWATHSPLFRESADT 1 1 KL 
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p i r :D9 LEMNREGKTVI I VTHOAYVAQQCHRV IELGEGK 
190 200 210 

»prf :27243S1JF ABC transporter - Streptomyces avermltil (248 aa) 

Initn: 308 initl: 255 opt: 480 Z-scorc: 561-8 bits: 111,2 E0: 2. 7e-23 
Smith-Waterman score: 480; 40. 845J5 identity (43. 50035 ungapped) in 213 aa overlap (2-203:9-219) 

10 20 30 40 

ouery MIEINDLKKSFG VRIUQGLSHKFLPGWALTGASGSGKSTLLNCLG 

prf:27 MGQMSNDAibilBVSRRYG^ 

10 20 30 40 50 

50 60 70 80 90 100 

query TLDKPSSGQ I LVEDVOLLKISTRKQRLYRKNTVGYLFQDYAL I P— DRTVKFNLQUV 

prf :27 GLDRPTSGsWvGOTELTKLS N h r -ft, aV v$ 

60 70 80 90 100 110 W \ 

110 120 130 140 150 160 

query EKHKWPE I PQVLHAVGL-ESFEEKPVFELSGGEQQRTALARVLLKNPR 1 1 LADEPTGALD 



pr f : 27 RRPRKTEVREVLAQVGLGDRAGHRPT-EMSGGQQQRVALARALITRPOVLFGDEPTGALD 
120 130 140 150 160 170 

170 180 190 200 

query LTNSELV I EALRALAD-KGATVWATHSPLFRESAOT 1 1 KL 



prf :27 SQTSREVLTLLRGMVDSEGQTV IHVTHDPVAASYADRVVFLVDGRVNGEL I GASAEDI AA 
180 190 200 210 220 230 

prf : 27 RMTKLEAAPC 
240 

>>pi/J.B86626. [B86626] ABC transporter ATP-binding protei (211 aa) 

initn: 283 initl: 283 opt: 474 Z-score: 555.8 bits: 109.8 E0: 5.9e-23 
Smith-Waterman score: 474; 39. 234X identity (40.3945! ungapped) in 209 aa overlap (1-203:1-209) 

10 20 30 40 50 60 

query M 1 £1 NOLKKSFGVR I LWQGLSHKFLPGT1ITAJLTGASGSGKSTLLNCLGTLDKPSSGQ I LV ^ , 

pir:B8 Ml E I EELTKSYKGH 1 1 FDKLNLR I PEGKUTA I YGTSGAGKSTLLN 1 1 GL I EDYDDGKYYF n v, c "fy***X 

10 20 30 40 50 60 

70 80 90 100 110 
query EOVDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLAV EKHKWPE I PQ 



pi r:B8 NGQFAPPFNSSLALKMRRNKISYLFQNFALLEDET I EKNLE I AL I YSRISKKEKRKKMKK 
70 80 90 100 110 120 

120 130 140 150 160 170 
query VLHAVQ.E$FEEKPVFELSGGEQQRTALARVLLKNPR 1 1 LADE PTGA LDLTNSELV I EAL 

o i r :B8 LL LftVG I 'NHRL!frKVYSLSGGEi<QRV A I ARALLKESqL I LADEPTGSLDTENRNEV i ALL 
130 140 150 160 170 180 

180 190 200 
query RALAOKGATVWATHSPLFRESADTI IKL 



pi r :B8 RQEV0KGKAVV I VTHDSYLKEVSDLV IEIGE 
190 200 210 

»p.i.r.:p.6943,3 [069433] ABC transporter, ATP-binding prote (226 aa) 

initn: 436 Initl: 242 opt: 466 Z-score: 546.1 bits: 108.1 EO: 2e-22 
Smith-Waterman score: 466; 39.583* identity (41. 081 % ungapped) in 192 aa overlap (19-203:25-216) 
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on 3D 40 

p | r ;D6 ERRWSLLKtfVGI EdADRRPIlEilSMQQP.VAI ARALMjNPKI LLCOEPTGMUTIKSGft 



1711 180 190 200 

auery LVIEALRALN)K-GATVWATHSPLFRESApTl IKL 

Smith-Waterman score: 466; 36. 6b/s iqenuw w« 



10 20 
Ul EI NDLKKSF — GVR I — LWQGLS HKFLP 



Query .. :.::..:..:• 

S ,: TO HLFLKNEVKKVT1LHEPMKKESVTPDEEH1 i^nWW»>«»| ^ 

en 60 TO 80 -Xtf***^ 

flU ery GTMTALTGASGSGKSTLLNCLGTLDKPSSGQ I LVEDVDLLKLSTRKQRLYRKMTVGYLFQ ^ 

SP :Y0fi RDF.^^ 



„uery DYAL I PDRTVKf NLQLAVEKHKWPE 1 PQVLHAVGLESFEEKPVFELSGGEQQCTAL 
330 340 

<cn iRfi 170 180 190 200 

ouery AWLUWRI I L ADEPT6AL0LTNSELV I EALRALADKHjATVWATHSPLFRESADTI I 

sp;Y06 ARAF AKNPLL I FGDEF^GALDLFjjTQ I ^j-Q^^ ^^^l^^"' "^^3 0^" ' ^'"^ 440 



query KL 

S d:Y06 Y V ADGK I QALQAN PHFKQVED 1 NW t 
450 460 



»UiMWW 18SL0J91 1 Putative MwMtl* ATP-bindin (246 aa) 

in 20 30 40 50 

query M I E I HDLKKSFGVR I LWQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLDKPSSG 
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tr:Q9L Al RLSSVSRRYGAGEGTVTALDDVSLALRRGSFTAVMGPSGSGKSTLLQCAAGLDRPTSG 
10 20 30 40 50 60 

60 70 80 90 100 110 

query Q.1 LVEDVDLLKLSTRKQRLYRKMTVGYLFQDYALI PDRT VKFNLQLAVEKHKWPE I 



tr:Q9L sVvVGlCTELTGLSQRRLTLLRREIWGFVFQAF^ 

70 SO 90 100 110 120 

120 130 140 150 160 170 

query P QVLHAVGL-ESFEEKPVFELSG6EQQRTALARVLLKN PR 1 1 LADEPTGALDLTNSELV I 

tr:Q9L REALRQVGLADIWRHRM^ 

130 140 150 160 170 180 

180 190 200 
query EALRAIAD-KGATWVATHSPLFRESADTI IKL 

t r:Q9L TLLRA^^GEGRTyWTHDPVAASYADRV^^ 

190 200 210 220 230 240 

tr:Q9L PC 



»SllMML DB69377] ABC transporter, ATP-bindin* orote (228 aa) 

initn: 483 initl: 234 opt: 461 Z-score: 540. 3 bits: 107.1 EO: 4. 3e-22 
Smith-Waterman score: 461; 39. 000X identity (40. 625X ungapped) in 200 aa overlap (11-203:18-276) 

10 20 30 40 50 

query Ml E I NDLKKSFGVR I LWQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLDKP 

p I r:B6 MKWELRNVYKlYRTEYYEVRAL-bGVSMDVEEGEFWIMGPSGSG^ GCLDKP 
10 20 30 40 50 

50 70 80 90 100 
query SSGQI LVEDVDLLKLSTRKQRLYRKNTVGYLFQDYALIPDRTVKFNLQLAV — EKH 

pir:B6 TEGEVL I NGVETSSLWDNRLTELRRDT I GF I FQTYNL I PTLTALEN VELPM I FKGVGRRE 
60 70 80 90 100 110 

110 120 130 140 150 160 

query KWPE I PQVLHAVGLESFEEKPVFELSGGEQQRTAIARVLLKNPR 1 1 LADEPTGALDLTNS 

Pir:86 REERAKELLKNVGL^kEMNRKPN^ 

120 130 140 150 160 170 

170 180 190 200 

query ELVI EALRALADK-GA7VWATHSPLFRESADTI IKL 

pir:B6 EQWflE J 1 RHtlNE^LGVTv'tLvTTOPsUkVGDRV i'RLRDGK I ESVENVS 
180 190 200 210 220 

»pr.f,:271918.6AY.G ABC transporter - SuJfolobus tokodal i>t (232 aa) 

initn: 415 initl: 240 opt: 460 2-score: 539.1 bits: 106.8 E0: 5e-22 
Smith-Waterman score: 460: 35.681X identity (37. 811* ungapped) in 213 .aa overlap (1-201:6-218) 

10 20 30 40 50 

query Ml E I NDLKKSFGVR I L WQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLO 

prf :27 MSEDEU 1 1 ENLKK I YKI KNVE FPALRGI NLKI YKGEFLGI AGPSGSGKTTLLDMI GLLD 
10 20 30 40 50 60 

60 70 80 90 100 110 

qu e ry KPSSGQ I LVE0V0LLKLSTRKQRLYRKNTVGYLFQ0YAL I PDRTVKFNLQLAVEKHKWP- 
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Abstract An ABC-type transporter in Escltcrichia coli that 
transports both L- and D-methionine, but not other natural 
amino acids, was identified. This system is the first func- 
tionally characterized member of a novel family of bacte- 
rial permeases within the ABC superfamily. This family 
was designated the methionine uptake transporter (MUT) 
family (TC #3. A. 1.23). The proteins that comprise the 
transporters of this family were Analyzed phylogeneiically, 
revealing the probable existence of several sequence-di- 
vergent primordial paralogues, no more than two of which 
have been transmitted to any currently sequenced organ- 
ism. In addition, MerJ. the plciotropic methionine repres- 
sor protein, was shown to negatively control expression of 
the operon encoding the ABC-type methionine uptake 
system. The identification of McJ binding sites (in gram- 
negative bacteria) or S-boxes (in gram-positive bacteria) 
in the promoter regions of several MUT transporter-en- 
coding operons suggests that many MUT family members 
transport organic sulfur compounds. 
Electronic Supplementary Material Supplementary ma- 
terial is available for this article if you access the article at 
hUp;//dx.doi.org/lO.1 007/300203-003.056*1 A A link in the 
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Introduction 

Methionine transport and its regulation have been exten- 
sively studied in both Escherichia coli and the phyloge- 
neiically related bacterium Salmonella ryphimurium. E. coli 
has been shown to have two transport systems for ^me- 
thionine (Kadner 1974) but only one system for r>me- 
thionine (Kadner 1977). Spontaneous mutants selected for 
their capacity to grow on toxic methionine analogues were 
generated, A mctD mutant lacks both high-affinity uptake 
activity for ^methionine (Kadner 1974) and lower atfu> 
ity uptake activity for D-mctbionine (Kadner 1977; Kad- 
ner and Watson 1974). Specificity of the transport system 
for l- and o-methionine and related compounds has been 
examined (Kadner 1974, 1977), but inhibitory studies with 
other amino acids have not been reported. A metD mutant 
has also been isolated in 5, typhimurium and exhibits 
characteristics similar to those of the corresponding mu- 
tant in £, coli (Ayling and Bridgeland 1972; Ayling et al. 
1979; Betteridge and Ayling 1975; Poland and Ayling 1984). 

Studies of energy coupling for methionine uptake in 
E. coli have suggested that transport is driven by phos- 
phate bond energy, presumably ATP (Kadner and Winkler 
1975), Moreover, the MetD transport system has been 
shown to be sensitive to osmotic shock and to inhibition 
by arsenate in both E. coli and S. vyphimutium (Cenam 
and Ayling 1989; Kadner and Winkler 1975). It was there- 
fore suggested that the major uptake system is an ATP- 
binding cassette (ABC) transporter. ABC transporters usu- 
ally consist of a transmembrane protein, a cytoplasmic 
ATP-hydroIyzing (ABC) protein, and at least one sub- 
strate-binding receptor. 

The mer-D mutation was mapped to 4.8 minutes on the 
£. coli chromosome (Berlyn 1998). Mapping of the maD 
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locus in 5. ryphimurlum has revealed that several genes, 
when mutated, give rise lo the merD phenocype (Grundy 
and Ayling 1992). In the work reported here, we identify 
an ABC transporter mapping very near 4.8 minutes, which 
proves to be the MetD transporter. 

Methionine biosynthetic genes in £. cell are regulated 
by the MclJ repressor (Greene 1996; Sekowsha el al. 
2000; Weissbach and Brot 1991), and a MetJ DNA bind- 
ing she consensus sequence has been derived (Saint* 
Girons et al. 1934). Evidence is available suggesting that 
methionine transport is also regulated by MeU since cells 
grown in medium containing methionine have lower lev- 
els of methionine transport (Kadncr 1975), and methion- 
ine autotrophs with a met/ mutation have higher transport 
activity (Kadncr 1975, 1977). The recent identification of 
a MetJ binding site in the promoter region of the ABC 
transporter mentioned above (Liu et al. 2001) corrobo* 
rated this hypothesis. 

Recently, Gal et al. (2002) and Merlin et al. (2002) re- 
ported growth studies that led to the tentative molecular 
identification of this transporter (abc-yaeE-yac~C) which 
they renamed meiN/Q. The Med protein, in the presence 
of methionine, but not in ii$ absence, was also shown to 
repress expression of the operon. Although no transport 
studies have been reported, it has been suggested that the 
three-gene cluster encodes the methionine transporter 
characterized physiologically by Kadncr and his collabo- 
rators. 

In this study, we confirm and substantially extend the 
previously reported work. We (1) report the first transport 
studies with this system, revealing that MetD transports 
both L- and D-meihionine and probably formyl methion- 
ine; (2) resolve the question as to whether both L- and 
D-methionine are recognised by the same receptor; (3) pro- 
vide evidence that NlpA (Yamaguchi and lnouyc 1988; 
Yu et al. 1986) may, under certain conditions, serve as a 
poor lr and D-mcthionine receptor, feeding inefficiently 
into MetD; (4) show that Med represses expression of the 
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melD operon; and (5) provide detailed phylogenelic data 
that define a novel family within the ABC superfamily, 
which we have called the methionine uptake transporter 
(MUT) fcmUy (TC #3^1.23). 



Materials and methods 

Bacterial strains and media 

£, coli strains und plasm Ids used In this study arc listed in Table 1 . 
All studies wcro conducted in the genetic background of strain 
BW2S113. Bacteria were cultured In Luria-Bertum (LB) broth or 
M9 minimal medium nt 37 *C (Sambrook et aL 1989). When ap- 
propriate, ampicillin (Ap) and/or kawimycin (Km) was/were added 
to the medium at 100 und/or 25 tlg/ml, respectively. Unless other- 
wise stated, chemical* were purchased from Sigma-Aldrich. 



Generation of deletion mutants 

Deletion mutant* wore generated using the methods described by 
Dacscnko and Wanner (2000). To prepare competent cells tor trans- 
formation. BW25113 containing pKD46 was cultured at 30 °C in 
SOB broth (SambfOOket Al. 1989) containing ampicillmand2mivr 
ixwbinoso. When the OD^o reached 0l5. the culture was eenirifugcd 
at ZOOQxj? for 5min, and the cells were washed truce times with 
cold 10% glycerol before being resuspended in a minimal volume 
of 10% glycerol (1* of the ordinal culture). The competent cells 
were stored at -80 *C prior to uso* PCR methods were used to 
clone the kanamyein gene from pKDd using the primer* described 
in Table 2. The PCR products were purified using a Qlagcn kit, 
treated with Opnh and repurificd by clcco-Dphoresia. BW25U3 
competent cells wens orsnsformed with the kanamycin gene by 
electroporution (Qcnc Pulser, pulse controller at 200 Q, capaci- 
tance at 250 jiFD, und voltage at 23 kV). Alter clcciroporaiioh, the 
cells were grown with shaking in 1 nil of SOC (Sambrook ct al. 
1989) at 37 *C for 1 h, and tho cultures were plated onto LB agar 
medium containing Juinamycln. The kaaanxycin-rcsistant transfcr- 
munts were purified on new kunamye(o*I3 plates. The mutants in 
which the target genes were replaced by tho kanamycin gene were 
verified by throo PCRs using bacieriul DNA as the template. The 
first PCR used forward primer kj(S'-C GGTGCCCTGAAT 
G A A C T G C-3') and reverse primer k, (5'-C GGCCACAG 
TCGATGAATC C-3*) (Datsenko and Wanner 2O00), both of 



Table 1 Simins and plasmtds used in this study 



Strain/plufonld 



Genotypo 



Reforenco 



Strain 

U3001 (BW25I13) 

U301S 

LJ3016 . 

U3017 

U301S 

LJ3019 

LJ3020 

LJ302I 

Plasm id 
pKD46 
pKD4 
pCP20 
pBAD24 
pBAD24-mctD 
pBAD24-mctJ 



/</efOr/iB TU MacZwuthsdRS 14 AaraBAD Atin ArJta$A£>u>yt 

BW25113 6abc-yaeE (Arm /NQ 

BW251 13 LyaeC (AmetQ) 

BW25U3ofl//7A 

BW2S1 1 3 &yaeC &n)pA 

BW2S113 AyaeG-abc Ayj^Z) (bmaW AmnuF) 

BW2S113 6ykft> 

BW05n3^ne// 

vriRJOJ rapAlOJ(ts) dr^Bp-xam-bei-exo Ap* 
«ru^ Ap r Km* 
AtfW(ts) ts-rep 
Expression vector, Ap' 
pBAl>24 carrying mciD operon 
pBAP24 carrying met? 



Datsenko und Wanner 2000 

This study 

This study 

This study 

This study 

Thi« study 

Thin study 

This study 

Duiscnko and Wanner 2000 
Datsenko and Warmer 2000 
Datsenko and Wanner 2000 
Guzman ct al. 1995 
This study 
This study 
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Table 2 Primers used for generation and verification of B VV25 1 1 3 mutants. For all gene mutations, pKD4 was used as the template for 
cloning the Icnnamycin geno 

Gene Primers (5 / -»3') 

abc-y<w£ imciNJ) Generation 

GATGCGGTCGCCTGCGAACTGAATTAAATAA^ (forward) 
CTTAATGACGATATAAATAATCAATGATAAAACTrrcGAATATCCATATGAATATCCTCCTTAC (reverse) 
Verification 

ubc-yucE 3: CGTTaCTTOCGaGTGACaGC 
abc-yacSo: GCATGTGACGCTAGTATCGC 

yoeC (mciQ) Gencrocion 

TTACAAATrGTGGAAACAGCCTAAAAATTACCACCOT (forward) 
AAGGAATAACXTTATGCCGTTCAAATrf^ (reverse) 
Verification 

yaeC 3: ACAGOCGCTTAGCaTCaGIXS 
yueC 4c AATTCaGTtCCCaGGCGACC 

rttpA Generation 

ACCGCAGOGACCTrACCCCTATAGTCAGGTAATCATTAATA AAAGGTC i 1 c (forward) 

TGAGAATTACCAGCCAGGCACCGCGCCaCCGTTAAAA (reverse) 
Verification 

nlpA 3: COTOGTCAGTAAGAAGTGCC 
nlpA 4; GCTGCTGATTCTGTCaTCGG 

yltfD (mmuP) Generation 

CGTTGACTTTOCATrCTCTrAACAAACGCGGTATAACA^ 

COTTGAOTAAGGATlATAAGCACX^TAGCACAACGCAACAAACCATATGAATATCCrc 
Verification 

yWD 3; GACTTGTTCGCACCrrCC 
ykfD 4: GGCTGTCGGCTAAGTTAC 

met/ Generation 

TGGTCTGGTCTCAATTTATTGACGAAGAGGATTAAGTATCTCATGGTGTAGGCTG G AGCTGCTTC (forward) 
TAGCCCATCACCCGATTCCACrCCGCGCCG ClCl i i GCTTTACATATGAATATCCTCC AATG (reverse) 
Verification 

nW 3: CA ACTGTGTG GTCTG GTCTC 
mod 4: TGCGATGaOCOaGaGaTCTG 



which arc deigned from the internal tanarnycin gone. The second 
PCR used primer and primer 4 (reverse, Tablo2). The third PGR 
used primers 3 and 4 fTabioZ). To de!«e the kenarayuin gone from 
the chromosome, pJCD46* was removed from tho ocIIn by growing 
the bacteria at 37 °C and then pCP20 was Introduced by transfor- 
mation. The transfcrouims containing pCP20 were grown over- 
night with shaking at 42 °C, and the cultures were plnted on LB 
agar without antibiotics. Colcmios were rested for sensitivity to 
kansmycin and ampicillui. To verify the loss of the kan&myein 
gene, the last PGR using primers 3 and 4 (see above. Table 2) was 
repeated. Growth experiments were carried out in M9 minima) me- 
dium, with MgCl 2 replacing MgSO« und with 20 (iM i-mcthionine 
or 100>lM D-mothiomric serving as the sole sulfur source. 



DNA manipulation;* and gene cloning 

Standard methods were used for chromosomal DNA isolation, re- 
striction enzyme digestion, agarose gel electrophorcfti.i. ligation, 
and tnmsformation (Sam brook ct al 1989). Plaernids were Isolated 
using spin miniprep kiis (Qiagcn. Chatsworrh. Calif.. USA), and 
PCR products were purified using Qiaquick purification kits (Qia- 
gcn). For gene cloning the metD opcron (abfryacE-yacC) and mtf 
gene were amplified from wild-type £. coli BW25113 chromoso- 
mal DNA by PCR. The following primers wetu used for gene am- 
plification (restriction riles Kpttl. Xbal and HMUl arc underlined) 
- for merD. ^C G C G G T A C C G A T A A A A C T T T r n 



AATATCAC C-3' and 5'-C G C C T£JLA£i& TT a C A 
A ATTGTGO A A A C A G C C-3', and for mc^r-GAA 
LCJCAiLA CATGOCTGAATGGAGCCCC G-3' 
rmdS'^OCC AAOCTT ACTATTrrrAPr.Tr-r 
C C G«3'. The PCR products were purified, treated with Kpnl and 
Xtxtl (for rnt'tD) or wiih Xbal and HimKU (for mctJ). and then 
cloned Into pBAD24 (Guzman ct a], 1995). 



Transport assays 

Cells grown in W9 minimal medium were harvested In the dxpo- 
nemial growth phase, washed once in TWs-malcato (TM) buffer, 
pH7.0. and resuspended in the same buffer containing 0,5% D.C- 
lactate plus )00u.g chloramphenicot/mj. Uptake studies were con- 
ducted at 37*C over a 10-min lime interval with the celt density at 
an OD w of 0.10 and 0,40 and the methionine concentration at 
0.5MM (50,000 cpm/ml: 55 *iCi/Mmol) and 5.0 nM (50.000 cpm/ 
ml; 5.5jiCi4imol) t respectively, for the l- and r>bomcrs- 1-f u C]l- 
and D-molhioninc wcro purchased from American Radiolabeled 
Chemicals. AHuuots (100 m)). were periodically removed from the 
1-rnl cell suspensions. Cells were transferred to 10 ml of ice-cold 
TM buffer, filtered (0.45-p.ro Milliporc filters) und washed twice 
with the same buffer. After drying (he filters, radioactivity was 
measured by scintillation counting using 10 ml of BEosafc NA 
scintillation fluid (Research Products International, Mt. Prospect. 
IIU USA). For comparison of the uptake of ^methionine between 
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Che abc-yaeE and Che cbc-yacE mmuP mulanLs, L-mclhionine con- 
centrations of 13 end 103 |iM (12u£i/umol) were used since the 
low-affinity ^methionine mruportcr was analyzed. Tniria! uptake 
rates were inhibited over a 5-rnrn lime interval for both l- and 
D«mc(hioaine. Unless otherwise stated, tho concentration of the 
non-radioactive inhibitory amino acid was ten time* ihc methionine 
concentration. Tho uptake activity attributed to MctD alone was 
obtained by subtracting the activity remaining in the absence of 
MctD function from the wild-typo activity (eg., scoTabtc3), as- 
suming that loss of MtiD dot* not activate .some other transporter. 



Computer methods 

Sequences of tho proteins that comprise the three constituents of 
MUT family permeases wore obtained by initial BLAST searches 
(AJtsehul ct al. 1997) using the sequences of (ho ihrtrn E, coll MctD 
perm c use constituents as query. The resulting hits were Altered 
through a program manipulating the BLAST program to eliminate 
the sequence* more related to oiher families in the ABC nuperfam- 
ily (C. Tran and M.H. Saicr. Jr., unpublished program). 

Multiple sequence alignments were constructed using tho 
CluscalX program (Thompson ct al. 1997). Tho gap penalty and 
gap extension values used with the Clascal X program were 10 and 
O.K respectively, although other combinations were tried. The 
HMMTOF (Tusnndy and Simon 199$, 2001) and TMHMM 
(Krogh ct sil. 2001; Sonnnammcr ct at. 1993) progrums were used 
to determine the predicted numbers of traiismembrane sogmonw, 
Phylogenetic trees were derived from alignments gcneralod with 
the ClustalX program using the &LOSUM62 scoring matrix. The 
trees were drawn using the TrccVicw program (Page 1996). Com- 
plementary trees were constructed using the PhyJo.wJn program 
(Caliter ct al. 1996) with (he neighbor-joining method and PAM 
distances as the model of evolution. This study was conducted in- 
dependently for (he three protein constituents of the ABC trans- 
porters that comprise the MUT family, snd the sequences obtained 
were checked manually to see whether all three ABC elements had 
been identified for each transporter. 

C+C content was analyzed with the OeoCcc program (Rice 
et al. 2000), and codon usage was analyzed with the Countcodon 
program from the Codon Usage Database website (btn>://www, 
kazusa.or.jp/coclon/countcodon.hrml). The lipc pro laic scraoturo of 
the receptors was predicted with the Upop section of the PSORT 
program (r4rp;//psctf .nibbuLC.jp). S-boxcs were predicted with the 
RNApaiicm program (Vitreschak et ul_, unpublished program). 



Results 

Growth studies 

Figure 1 shows the growth of the isogenic strains described 
above with lOOjiM o-cneihioninc as the sole source of 
sulfur. The wild-type strain, the nlpA mutant, and the ykfD 
CThanbichler et al. 1999) mutant grew equally well, but 
the ahc-yacE mutant and the yacC nlpA double mutant as 
well as the abc-yaeE-ykfD triple mutant grew very poorly. 
Both the growth rates and growth yields were substan- 
tially depressed, These effects were completely reversed 
by inclusion of a plasmid (pBAD24) bearing the merD 
(abc-yaeE-yacQ oporon (data not shown, see supplemen- 
tary Fig. S 1 in the electronic supplementary material). The 
yacC single mutant grew substantially better than the two 
double mutants bm much less well than the wild-type strain. 
When 20fjiM L-methionine served as the sole source of 
sulfur, the difference between the wild-type and the dou- 
ble mutants was less pronounced than when D-methionine 




Time(b) 



FJft. 1 Growth of Escherichia coli as a function of time in M9 
minimul medium in which MgSO« was replaced by 1 niM MgCl a 
and r>mcthioninc was added at a concentration of IOOliM a* tho 
sole sulfur source present The growth experiments were con- 
ducted three tlmex, and the results were averaged. The foUowim* 
strains were examined: wiid-rype (BW25113) (♦), 6abc~yacE 
<■), Ay^eC (A), £jitpA (•), AyaeC-tolpA (OX AykfD O and 
bahe-yaeE AytyD (A). Error bars indicate standard deviation? 




0 2 4 6 S 10 
Time (min) 



Uptake of l-^Q^mcthlonlne (a) and l-t w qD-meihioninc 
(b) by wild-type (BW25113) teb^yatE (*), tyacC (A), 
AnlpA (•), Ay</cC-An7/7A (O). bykfD (Q and AabcyticE hykfO (A) 
cells. Cells grown in M9 minimal medium were prepared as de- 
scribed in Materials and methods. Uptake assuys were carried out at 
37 °C over a 1 0-mJn Umo interval with Uie optical densities (600 nm) 
at CI (a) or 0,4 (b) and tho methionine concentrations at 0.5 uM 
(5SuCi4*mo1) or 5 uM (5.5 UdAunoi) (both at 50,000 cpm/ml), re- 
spectively, for the u or r>lsomcrs. Values arc expressed in pmol 
L- or D-mcthionlne retained per mg bacterial dry weight. The exper- 
iment was conducted three tunes, and the results reported represent 
an average of the values obtained. Error bars indicate standard dc* 
viaiiuns 
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was used (Fig.1; data not shown). However, depressed 
growth suggested lhai the transporter could accept both 
o- and L-methioninc as substrates. 



Transport studies 

Hgurc2 shows the uplHkc of [ ld C]L-mcthitmine (Fig. 2a, 
0,5 |iM) and I ,4 QD-meihionine (Fig- 2b, 5\xM) t respec- 
tively. Relative rates of uptake of the two substrates by the 
wikUtype and mutant strains were essentially the same. 
Thus, the wild-type, and the mutant strains yhfD and nlpA 
took up the amino acids at nearly the same rate; the two 
double mutants (abc-yaeE and yaeC nip A) took up both 
substrates poorly, and the yaeC single mutant took up 
both substrates poorly but slightly better than the double 
mutants. These depressed uptake rates were largely re- 
versed by inclusion of the plasmid-encoded melD operon 
in these strains (data not shown; see Fig. S2 in the elec- 
tronic supplementary material). It was therefore con- 
cluded that: (I) both L- and D-znethionine are substrates of 
the Abe- YaeE- YaeC transporter, and (2) the binding re- 
ceptor YaeC, and possibly NlpA, can activate both d- and 
L-mechionine uptake. If NlpA acts as a receptor for the 



Abc-YaeE system, it is a iriuch less effective receptor than 
YaeC. For both Isomers, residual uptake was observed in 
the abc-yaeE mutant, suggesting that a second transporter 
exists both for L- and for D-methionine. We tested the 
transport of t- and D-methionlne at concentrations of 10 and 
100 |iM in the mmuP abcyaaE triple muiarn, but no sig- 
nificant difference was observed relative to the abc-yaeE 
mutant (data not shown), This result is consistent with the 
indistinguishable growth rates between the abc*yaeB-yaeC 
and the aboyacEyacC mmuP mutants observed by Gal el 
al. (2002) in a methionine auxotrophic strain grown in 
minimal medium supplemented with L-methionbe. It can 
therefore be assumed that the S-mcthylmethionine perme- 
ase MmuP ix not responsible for the residual transport of 
L- or D-mclhioninc observed in the abc-yatE mutant. 



Inhibition studies 

Table 3 summarizes the inhibitory effects of several non- 
radioactive amino acids present at ten-fold the concentra- 
tion of the radioactive amino scid on uptake of both L- nnd 
D-methioriLnc. Uptake of L-methioninc by the wild-type 
bacteria was strongly inhibited by L-methionine and weakly 



Tublc3 Inhibition of L-mc- 
ihtomnc (top) nnd D-mcchion- 
ine (bottom) uptake by ihe 
L» and D-isomers of seveal 
himno acids. Assays were done 
us described in Materials and 
mothodx with tho non-radioac- 
tive inhibitory amino no Id* at 
IOx die concenliuucmx of the 
radioactive substrate. Rote of 
uptake is expressed in pmoV 
(rmnxmg dry weight). Wild 
\ypc-Aabc-yacS is the uptake 
activity attributed to MctD 
alone 



Inhibitor 


Wild-type 




kaboyuxE ' 




Wil6*xypb-Aabc-yac& 




Rate 


% 


Rate 


*A 


Rate 


% 




6S8.8±88 


100 


230<4±16 


100 


458.5±72 


100 


^Methionine 


47.5±5 


7 


41.S±S 


18 


5.7±3 


] 


r>Mcihionino 


635.3*43 


92 


298.6*16 


129 


336.8*30 


73 


7v*-Fonny l-t-^ri cthiont nc 


2G8.3±13 


39 


258.9*13 


112 


9.3*5 


2 


L-Aluninc 


C27.4±56 


91 


176.9±20 


77 


451.1*35 


98 


C*- Alanine 


649.5±40 


94 


281.6±22 


122 


367.9*18 


80 


l.-Lcucinc 


S81.8±40 


84 


179.7±16 


78 


402.1*24 


88 


D-Leucine 


677.5*56 


98 


245.6±36 


107 


431.9±20 


94 


L-Valine 


528.1*50 


77 


159.1*1$ 


69 


369.0*31 


SO 


L-Serine 


833.2*105 


121 


271.7*17 


IIS 


561.5±88 


122 


LsScrine 


590.3*57 


86 


304.S±25 


132 


28S.5±34 


62 


u-Thrconine 


612.7*76 


89 


151.7*25 


66 


4*1.0*51 


101 


D-Threonine 


649,8*72 


94 


245.<5±34 


107 


404.1*38 


83 


Inhibitor 


Wild-type 




babcyacE 




Wild-typb-^a*<r-yfltr£ 




Rate 


% 


Rate 


% 


Rate 


% 




287,8*31 


100 


6M±| 1 


100 


219,3*20 


100 


D-Moih(onlnc 


34014 


12 


28.8±5 


42 


5.4±1 


2 


L-Mcthlonlnc 


66.7*12 


23 


36\5±5 


53 


31.1±6 


14 


/V-Formy l-L-roethi on i nc 


7i.6±U 


25 


4$.m 


67 


25.73±3 


12 


L- Alanine 


273.0*25 


95 


77,8*9 


114 


195.2*16 


89 


D- A limine 


3065129 


106 


73.1*7 


107 


233.33*22 


106 


^leucine 


269.1*24 


94 


75.4*14 


no 


193.7*10 


88 


D-Leucine 


2S8.2±26 


90 


84.0±4 


123 


174.2*22 


79 


L-Vallnc 


232.6421 


81 


6S3l$> 


95 


167.2*12 


76 


i-Scrlno 


327.5*36 


114 


70.8*10 


103 


256,7126 


1L7 


D-Serino 


338.3±23 


118 


85.6*7 


125 


252.8*17 


115 


L-ThrconJnc 


3453*33 


120 


S4.0±ll 


123 


26 1.3*22 


119 


o-Threodine 


329.8*33 


115 


87.9*6 


128 


24L9*27 


110 
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inhibited by JV-formyl L-metbionine. However, no other 
amino acid inhibited strongly. Uptake by the abc-yaeE 
mutant was most strongly inhibited by L-methionine and 
lo a lesser extent by L- threonine, l-y aline, L-alanine, and 
L-leucine. When uptake of D-mcthioninc was studied in 
wild-type £. colt, l-methionine was most inhibitory fol- 
lowed by Mformyl L-methionine and D-meihlontae in that 
order, but no other amino acid inhibited. In the abc-yaeB 
mutant, only L-methionine inhibited strongly. The mild in- 
crease of transport race observed in the presence of some 
amino acids is unexplained. The results are consistent 
with the conclusion that the MetD transporter is specific 
for L- and rnmelhioninc as well as AT-forrny]-]>rnethion- 
ine. The relative inhibitory effects of L- and D-methioninc 
on uptake of these two radioactive substrates are in line 
with the relative affinities reported by Kadner (1974, 
197?) (K m values of 75 nM for ^methionine (Kadner 
1974) and 1 .2 uM for D-methionlne (Kadner 1977)). Inhi- 
bition studies of D-rneihionme uptake were also conducted 
with 100- and 1 .000 fold excess of bolh l- and D-xnethio- 
nine The results were consistent with the existence of a 
second low-afliniiy transporter for methionine (data not 
shown). Surprisingly, the uncharacterized methionine trans- 
porter present in the mulant is also fairly specific for me- 
thionine. 

The effects of energy poisons were also examined (data 
not shown; see Fig. S3 in the electronic supplementary 
material). The conditions used were essentially the same 
as those reported in Zhang et al. (2003). FivcroM sodium 
arsenate virtually abolished uptake of both l- and D-mc- 
ihionlne under the same conditions used in the experiment 
reported in Fig. 2. FCOP (caxbonyl cyanide 4-trifluoro- 
methoxyphcnylhydrazonc) at a concentration of 2 pM was 
substantially less inhibitory (sec Fig. S3 in the electronic 
supplementary material). The results clearjy suggest that 
uptake is energy dependent and are consistent with the ex- 
pectation that ATP is the energy source. 



Regulation of mctD operon expression by McO 

A met/ knockout mutant was constructed, and met/ was 
cloned into plasmid pBAD24 for complementation stud- 
ies. Using [ J4 C]D-melhionine as Ab uptake substrate, the 
effects of met! expression plus and minus L- and o-me- 
thionine were studied (Fig. 3). In Kg. 3a. it can be seen 
that the presence of either L» or o-metliionioe substantially 
reduced uptake of D-meihionine into wild -type cells. In 
Fig. 3ks the same experiment conducted with the met/ mu- 
tant revealed that (J) the loss of mat? enhanced uptake 
above that observed for the wild-type strain grown with- 
out methionine and (2) methionine present during growth 
did not exert a repressive effect. In Fig. 3c, it can be seen 
that the plasmid bearing mcxl depressed methionine up- 
take activity in the wild-type background and depressed 
the much greater activity of the meti mutant even more. 
As expected, the wild-type strain expressing mezJ on the 
plasmid exhibited lower D-rnethionine uptake than ob- 
served for the msU mutant bearing the same plasmid. These 




4 6 b 
Time (min) 



10 



K*g.3a-c Uptake of ["CJo-mctbiomne by cell* grown In )vfo me- 
dium with or without l- or o-mcthionme. UpuJto experiments 
wore conducted as described in the legend to Fig,Z a Wild-type 
col is grown without methionine (♦). with 25 uM L-mothionlnc 
(■), or with 2$ UJtf D-meUiioninc (A), b The same condition* and 
jymbolK wore used for the met/ muumi. c Complementation stud- 
ies with the mctJ bearing pBAD24 plasmid. Wiict-rype cells bear- 
ing pBAD24 (♦), wild-typo cells bearing f&XDZ^mctl (■). met/ 
mutant with pBAD24 (A), met/ mutant with pBAD24-m«/ (#X 
All cells in (c) were grown in medium M9 containing 1 00 ug ampi- 
cillin ml' 1 and 2mM uarabinofc 



results are in accord with the expected meU gene dosages. 
Measurements of L-methionine uptake were similar, but 
differences were substantially less pronounced as expected 
(data not shown). 



Phylogenetic studies 

Our preliminary results suggested that the E. coli ABC 
methionine transporter identified by Gal et al. (2002) and 
Merlin et al. (2002) and in the work described here belongs 
to a novel family within the ABC sur*rfamily. Surprisingly, 
this family is more closely related to the polar amino acid 
uptake transporter (PAAT) family (TC# 3.A.L3) than to 
the hydrophobic amino acid uptake transporter (HaXT) 
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Fig.4x Phyiogcnctic trees 
of the three constituents of the 
MUT family of ABC trans- 
porters: a ATP-binding cas- 
sette (ABC) constituents, 
b membrane constituents, 
c solute binding receptors. The 
multiple alignments were gen- 
erated with the CHistoIX pro- 
gram (Thompson et al. 1997) 
using the BLOSUM 62 scoring 
matrix. The trees are based on 
the neighbor-joining method 
and were drawn with the Trco- 
Vfcw program (Pbgc 1996). 
c * refers to a receptor that is 
not encoded with a gene for an 
ABC protein or a membrane 
protein 
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family (TCtf 3.A, 1 .4). We have termed this family Ihc xnc- 
thionine uptake transporter (MUT) family (TCtf 3.A.1.23). 

We identified the three constituent proteins that com* 
prise MUT family permeases (Table 4). Most organisms 
having MUT family representation have only one homo- 
logue within this family, but a few have two. Organisms 
with two paralofiucs include Salmonella lyphi/nurium, 
Yersinia pesris, and Pseudomonas aeruginosa (all y-Pro- 
tcobacteria) as well as Bacillus anthracls. Staphylococcus 
aureus, and two species of Listeria (all low G+C gram- 
positive bacteria). No organism bas Ihrcc or more par- 
alogies within the MUT family. The database entry for 
the Hin membrane protein-encoding gene in Haemophilus 
influenzae was found to be truncated at both the N- and 
C-termini due to (1) an incorrect initiation codon assign- 
mcnt and (2) a framcshifl mutation in the structural gene. 
This framcshift mutation has been shown to bo authentic 
and not due to a sequencing error. Hin may therefore be 
encoded by a pseudogenc. The reconstructed proicin was 
19$ residues long. The database entries for the Vch and 
Bha receptors were also found to be erroneous due to in- 
correct initiation codon assignments (Table 4). 

The phylogeoetic trees shown in Fig. 4a, b, c for die 
ABC, membrane and receptor protein constituents of the 
transporters, respectively, were analyzed according to phy- 
logcncric cluster. Cluslcr 1 includes the 5, coll methionine 
uptake transporter, and only r^proteobacterial proteins are 



represented. All of the members of cluster 1 have lipopro- 
teins as receptors. The phytogenies of the proteins follow 
those of the organisms thereby suggesting orihology. One 
system, Vch, has its ABC protein and its receptor in clus- 
ter 1, but its membrane protein is loosely clustered with 
the a-protcobacterial proteins of clusters 7 and 13. This 
may possibly represent an unusual case of shuffling of 
constituents between systems (Kuan et al. 1 995). Only the 
membrane protein behaved anomalously. However, using 
PAM distances with the PhyIo_win program (Galtier ct al. 
1996), the membrane constituent Vch clustered together 
with other cluster 1 proteins. For all complete cluster 1 
members, predicted Me J boxes were found in (ho pro- 
moter regions of the operons as shown in Fig. 5. 

Ouster 2 consists of proteins from streptococci and a 
closely related lactic acid bacterium. These proteins are 
also probably orthologous to each other. 

Cluster 3 proteins from Helicobacter pylori and Fu- 
sobocterium nucleaiutn always cluster together in spite of 
the great phylogenetic distance between these two organ- 
isms. Tt seems possible that horizontal transfer had oc- 
curred. Therefore, the GfC contents and codon usages of 
the genes encoding the ABC transporters of these two or- 
ganisms were compared, but no significant differences 
were observed relative to those of the genomes. This neg- 
ative result does not eliminate the possibility of horizontal 
transfer. 
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Fig. 5a, b Conserved MetJ bmdiog siies (Met boxes) found be- 
tween abc nnd yaeO from enterobacterix a An alignment of pro- 
posed Met boxes from Escherichia coli (EcoX Salmonella ty- 
phifnurium (Scyl). Yersinia pestis (Ypei). Vibrio ehvlcrae (Vch), 
Haemophilus influenzae (Hin). and PQStcurcllti muUucida (Pmu). 
Protein abbreviation* arc as indicated in Tabled The numbers at 
the ri$f\t indicate tho di&t&ncc from the start codon of <idc. b The 
number of matches to the- consensus Met box sequence 
(AGACGTCT) Is shown for each predicted Mot box 

Ousters 4—13 consist of only one or two proteins per 
cluster. In clusters 7 and 11. the two proteins in each clus- 
ter are from a-Proicobacteria, suggesting orthology. How* 
ever, some of the distantly related proteins belong to 
closely related organisms (e,g„ Sty2 and Ype2; Nmc and 
Rso). This clearly suggests that sequenceHdivergem pri- 
mordial proteins resulted from early gene duplication 
events and that these early paralogies were not transmit- 
ted to most of the organisms. Moreover, this conclusion is 
confirmed by the presence of several lipoprotcie receptors 
from gram-negative organisms (Ccr, Nme, Tpa) although 
most art soluble (Table 4). 

Cluster 14 consists of Y-proteobacterial proteins except 
for Ccr, which is from an a-proteobaccerial species. The 
clustering patterns in Fig^a, c are consistent with orthol- 
ogy, but the clustering of Ccr in Fig. 4b is anomalous, and 
the same topology was obtained using PAM distances as a 
model of evolution. 

Clusters 15 and 16 clearly represent two sequence-di- 
vergent groups of paralogues, both represented in Bacillus 
anihracis and two Listeria species, Staphylococcus au- 
reus as well as Bacillus subillis and Bacillus Ivalodurans 
encode within their genomes only the second of these ho- 
mologue* (cluster 16). The clustering or Bha in Fig. 4c is 
anomalous, and this was also observed for the tree drawn 
using PAM distances, S-boxcs have been predicted up- 
stream of the opcrons encoding all transporters in clusters 
15 and 16 with the exception of Bha (data not shown). 

Cluster 19 includes a single chlamydial protein although 
three chlamydial species have been sequenced. In spile of 
their close phylogenetic relationship, the other two close 
relatives of Chtamydophilia pneumoniae must have lost 
the corresponding ortbologucs. 

Finally, in cluster 20, Cac and Cjc are always together 
(Fig. 4a, b, c). Bccau.se of the great distance between 



Clostridium acetoburylicum (a gram-positive bacterium) 
and Campylobacter jejuni (a gram-negative e-proicobac- 
terlum). we suggest that horizontal transfer has occurred. 
However, this assumption can not be confirmed as both 
organisms have similar overall G+C content, and the G+C 
content and codon usage patterns of the MTJT genes did 
nol prove to be different from those of the complete 
genomes. An S-box was also predicted in the region of the 
opcron encoding the Cac system. 

With the exception of Lla, all receptors from gram- 
positive organisms were predicted to be lipoproteins. For 
Lla, a signal peptide with high similarity to those of Spn, 
Spy. and Smu was found. However, the conserved cys- 
teine residue essential for lipid anchorage was replaced by 
a glycine residue. This might be explained by a sequenc- 
ing error or by a single-point mutation since the codons 
for these two residues differ by only one nucleotide. 



Discussion 

The results presented here confirm and extend the molec- 
ular characterization of the MetD transporter identified 
earlier in the laboratories of Kadner and Ayling, abc and 
yae£ encode, respectively, the ATP-binding cassette (ABQ 
and membrane proteins of the MetD transporter, YaeC, the 
receptor encoded with the other components of the trans- 
porter, is the major binding protein for both L- and r>me- 
thionine. Inhibition studies revealed that the transporter is 
specific for both methionine isomers and their analogues 
including W-formyJ methionine (Table 3; Kadner 1974, 
1977). However, the YaeC-relatcd paralogue NlpA (lipo- 
protein 28) may also exhibit the slight capacity to bind the 
two isomers of methionine. The abc-yaeE-yacQ genes 
were renamed metNlQ by Gal el al. (2002) and Merlin et 
al. (2002). 

Wc confirmed Kadner *a observation that L-methionine 
effectively competes for o-methionine transport while D-me- 
thionine does not strongly compete for ^methionine trans- 
port. This led Kadner to suggest that the merD locus en- 
codes a component of at least two transport systems but 
may not encode the initial mcthionine-binding site (Kad- 
ner 1977), a suggestion reiterated by Merlin ct al. (2002), 
However, the data presented here show that MetD is a sin- 
gle transport system with a single major methlonine-bind- 
ing receptor. The difference in inhibition observed for the 
two isomers is a consequence of the low K m for L-methio- 
ninc (75 nM) (Kadner 1974). which is 15-foId lower than 
mat for r>methionine (3,2 nM) (Kadner 1977). We further 
demonstrate that MetJ is an cffectlvo repressor of metD 
expression, 

Phylogenetic analyses led to the conclusion thai MetD 
belongs to a new ABC family, which wc named the methio- 
nine uptake transporter (MUT) family (TC #3 A.1.23). The 
MUT family is widely represented among bacterial subdi- 
visions. All homologues of each of the three components 
are of a similar size, and all membrane proteins exhibit 
five putative transmembrane ohelical segments (TMSs). 
The overall topology of the trees presented does not ibl- 
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low the phytogenies of the organisms, suggesting that sev- 
eral genetic duplications encoding these systems had oc- 
curred early during the evolutionary history of the family. 
The existence of several sequence-divergent primordial 
paralogies is likely to explain the topology of the phylo- 
genetic trees. However, no more than two of these par- 
alogues have been transmitted to any currently sequenced 
organism. 

It is interesting to note that Yersinia pestis and Salmo- 
nella ryphimuriuniy two dose relatives of £. coii 9 possess 
two paralogous systems within the MXJT family whereas 
only the receptor is present twice in E. coli. The possibil- 
ity thai the common ancestor of these three organisms had 
two paralogous systems, and that £. coli specifically lost 
the membrane and ABC proteins of one of them is highly 
unlikely. Ype2 and Sty2 do not cluster with "Vfcel and Styl 
although the two receptors. Eco2 and EcoJ, are found to- 
gether in cluster 1. We therefore propose thai nlpA (en- 
coding Eco2) arose by a much more recent duplication of 
the yaeC gene precursor (encoding Ecol). This conclu- 
sion is corroborated by the observation that both Sty2 and 
Ype2 are not lipoproteins although Ecol and Eco2 are. 

Cluster 1 includes a group of Y-proteobacierial proteins 
conserved in all three trees. For this cluster, die phytoge- 
nies of the proteins agree with those of the organisms. More* 
over, we identified Metf binding sites in the promoter re- 
gions of all members of this cluster, and all cluster 1 re- 
ceptors are predicted to be lipoproteins. These observa- 
tions Strongly suggest that all cluster 1 systems are onhol- 
ogous methionine transporters, a suggestion confirmed by 
the presence of the functionally similar MetD transporter 
in S* lyphimurium (Ayling and Brtdgeland 1972; Ayling et 
al. 1979; Betteridge and Ayling 1975; Poland and Ayling 
1984). 

Several members of the MUT family from gram-positive 
bacteria are likely to transport sulfur compounds. Thus, 
almost all cluster 15 and 16 constituents (Figs. 4a-c) are 
encoded in operons regulated by S-boxes (Grundy and 
Henkin 1998). S-boxes are gram-positive bacterial con- 
sensus sequences for the transcriptional control of sulfur 
metabolism (Grundy and Henkin 1998), The presence of 
transporters likely to be involved in sulfur acquisition in 
positions throughout the phylogenetic tree suggests that 
this entire family may be involved in the transport of or- 
ganic sulfur compounds. Further experimentation will be 
required to determine the substrate ranges of the trans- 
porters in this family. 

The MUT E&nrily is of pharmaceutical interest since sev- 
eral members are required for bacterial pathogenicity. sfbA 
of 5. typhlmurlwn is found in a pathogenicity islet and is 
essential for infeciion in a mouse model (Patrery el al. 
1999), alrhougb its specific contribution to pathogenicity 
is unknown. sfbA was predicted to encode the binding 
protein of an ABC transporter for iron because its expres- 
sion was increased under Iron-limiting conditions. Despite 
its regulation by iron, a Fur regulatory binding site was 
not found close to this operon (Panina et al. 2001). Based 
on the analyses presented here, wc suggest that the Sfb 
transporter is involved in the uptake of an amino acid or 
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sulfur compound during infection. The H. influenzae hlpA 
gene is not essential for infection, but a mutation in this 
gene results in reduced invasion in rats (Chanyangam et 
al. 1991). Helicobacter pylori also contains a MUT fanv 
ily transporter (AbcBCD) of unknown function that is re- 
quired for maximal production of urease, essential for col- 
onization (Hendricks and Mobley 1997). Since many Yer* 
sinia pesrb strains require exogenous methionine (Bru- 
baker 1972), methionine transporters may be drug targets 
for these organisms. 
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Description 

Technical Held 

[0001] The present invention relates to an bglutamic acid-producing bacterium 
glutamic acid by fermentation utilizing the bacterium. L-glutamic acid is an amino acid 
supplies and so forth. 

Related Art 



and a method for producing L- 
imjX>rtant tor foodstuffs, medical 



sruption of an uptake system 



[0002] Heretofore, L-glutamic acid has been produced by a fermentation method using coryneform [.-glutamic acid- 
producing bacteria belonging to the genus Brevibacterium, or Corynebacterium (Amino Acid Fermentation, Gaktai 
Shuppan Center, pp.195-215, 1986). As such coryneform bacteria, wild strains isolated worn nature or mutants thereof 
are used to improve the productivity. | 
[0003] Moreover, there have also been disclosed various techniques for promoting L-glutamlc acid-producing ability 
by enhancing genes for enzymes involved in the L-glutamic acid biosynthetic system through recombinant DNA tech- 
niques. For example. Japanese Patent Laid-open Publication No 63-214189 discloses a technique for elevating the L- 
glutamic acid-producing ability by enhancing a glutamate dehydrogenase gene, isocitrate dehydrogenase gene, aconi- 
tate hydratase gene, and citrate synthase gene. 

[0004] On the other hand, as for L-threonine, there has been known a technique of d s 
of the amino acid in order to increase the production of the amino acid (Okamoto, K. et a/., BtoscL Bfotech* Biochem., 
fff (11), 1877-1882(1997)). | 
[0005] For L-glutamic add. the structure of the geneduster of the uptake system for L-glutamic acid (gluABCD 
operon) in Corynebacterium glutamicum has been known (Kronemeyer, W. et al„ J. BjXterbL, 177 (5), 1152-1158 

(1995) ). Moreover. Kronemeyer et a/, produced a strain in which the L-glutamic acid uptake system encoded by the 
gluABCD operon was deleted, and studied about the excretion of L-glutamic acid ueing|this strain. In this study, they 
concluded that the excretion of L-glutamic acid of Corynebacterium glutamicum did hot depend on gluABCD, and 
depended on other uptake and excretion mechanisms. Furthermore, an uptake system jof L-glutamic acid other than 
that encoded by gluABCD has also been reported (BurtovsW. A. et al., FEMS Microbjology Letters, 13$, 169-173 

(1996) ). These reports suggest that the accumulation amount of L-glutamic acid in the rnedium is not affected even if 
at least the L-glutamic acid uptake system encoded by the gluABCD operon is deleted. Therefore, it has not been 
attempted to improve the L-glutamic acid-producing ability by disruption of the uptake system of L-glutamic acid 
encoded by gluABCD. 

35 DETAILED DESCRIPTION OF THE INVENTION 

[0006] The object of the present invention is to breed a bacterial strain having high L-glutamic acid-producing abil- 
ity, and thereby provide a method for more efficiently producing L-glutamic acid at low cost in order to respond to further 
increase of the demand of L-glutamic acid. | 
[0007] In order to achieve the aforementioned object, the inventors of the present invention studied assiduously. As 
a result, they found that an L-glutamic acid-producing bacterium of coryneform bacteria whose gluABCD operon was 
deleted had high L-glutamic acid-producing ability contrary to the suggestion by the aforementioned prior art, and thus 
accomplished the present invention. 
[0008] That is, the present invention provides the followings. 



(1) A method for producing L-glutamic acid, comprising the steps of culturing a coryneform bacterium which has L- 
glutamic acid-producing ability in a medium to produce and accumulate L-glutamic acjd in the medium, and collect- 
ing the L-glutamic add from the medium, wherein an L-glutamic acid uptake system is deleted or decreased in the 
coryneform bacterium. 

(2) The method according to (1), wherein the L-glutamic acid uptake system is enoooed by the glUABCD operon. 

(3) The method according to (2), wherein at least one of expression products of the gluABCD operon Is deleted in 
the coryneform bacterium. | 

(4) The method according to (3), wherein at least gluA is deleted in the coryneform bacterium. 

(5) The method according to (A), wherein all of gluA t gluB t gluC and gluD are deleted in the coryneform bacterium. 



[0009] According to the present invention, L-glutamic acid can be produced at a higher yield compared with con- 
ventional techniques. 

(0010] For the present invention, the term 'L-glutamic acid-producing ability" refers || 



to an ability of a coryneform 



2 
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bacterium used for the present invention to accumulate L-glutamic add in a medium when the bacterium is cultured in 
the medium. 

[001 1 ] Hereafter, the present invention will be explained in detail. 
[001 2] The coryneform bacterium used for the present invention is a coryneform bacterium having L-glutamic add- 

s producing ability, in which an L-glutamic acid uptake system is deleted or decreased. 

[0013] Bacteria belonging to the genus Corynebacterium as referred to herein are a group of microorganisms 
defined in Bergey's Manual of Determinative Bacteriology, 8th Ed., p. 599 (1974). The bacteria are aerobic, Gramposi- 
tive. nonacid-fast bacilli not having the ability to sporulate, and include bacteria whicf^ had been classified as bacteria 
belonging to the genus Brevibacterium but have now been unified into the genus Corynebacterium [see Int. J. Syst. 

io Bacteriolu 4f . 255 (1981)] and also include bacteria of the genus Brevibacterium and Microbacterium which are closely 
related to the genus Corynebacterium. Examples of coryneform bacteria preferrably used for producing L-glutamic acid 
include the fallowings. 

Corynebacterium acetoacidophilum 
is Corynebacterium acetoglutamicum 

Corynebacterium afkanoJyticum 

Corynebacterium calfunae 

Corynebacterium glutamicum 

Corynebacterium lilium (Corynebacterium glutamicum) 
20 Corynebacterium metassecola 

Corynebacterium thermoaminogenes 

Corynebacterium herculis 

Brevibacterium divaricatum (Corynebacterium glutamicum) 

Brevibacterium flavum (Corynebacterium glutamicum) 
ss Brevibacterium Immarlophlktm 

Brevibacterium lactofermentum (Corynebacterium glutamicum) 

Brevibacterium roseum 

Brevibacterium saccharolyticum 

Brevibacterium thiogenitalis 
30 Brevibacterium ammoniagenes (Corynebacterium ammoniagenes) 

Brevibacterium album 

Brevibacterium cerinum 

Microbacterium ammoniaphilum 

ss [001 4] Specifically, the following strains of these bacteria are exemplified: 

Corynebacterium acetoacidophilum ATCC13870 

Corynebacterium acetoglutamicum ATCC1 5806 

Corynebacterium alkanolytlcum ATCC2151 1 
40 Corynebacterium calfunae ATCC1 5991 

Corynebacterium glutamicum ATCC13020. 13032, 18080 

Corynebacterium lilium (Corynebacterium glutamalcum) ATCC15990 

Corynebacterium meiassecola ATGC17965 

Corynebacterium thermoamlnogenes AJ12340 FERN BP-1539) 
45 Corynebacterium herculis ATCC1 3868 

Brevibacterium divaricatum (Corynebacterium glutamicum) ATCC14020 

Brevibacterium flavum (Corynebacterium glutamicum) ATCC13826, ATCC14067 

Brevibacterium immariophilum ATCC14068 

Brevibacterium lactofermentum (Corynebacterium glutamicum) ATCC13665, ATCC13869 
so Brevibacterium roseum ATCC13825 

Brevibacterium saccharolyticum ATCC14066 
Brevibacterium thiogenitalis ATCC19240 

Corynebacterium ammoniagenes (Brevibacterium ammoniagenes) ATCC6871 
Brevibacterium album ATCC151 1 1 
ss Brevibacterium cerinum ATCC1 51 1 2 

Microbacterium ammoniaphilum ATCC15354 

[001 5] The aforementioned deletion or decrease of an L-glutamic acid uptake system of coryneform bacteria can 
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be attained by mutating or disrupting a gone coding for the uptake system using a mutagenesis treatment or a genetic 
recombination technique. The term M L-glutamic acid uptake system is deleted or decreased* means to make the uptake 
system not function normally, and it includes that at least one of proteins constituting the uptake system is deleted or 
the activity of the protein is decreased, and that two or more of the proteins are deleted or the activities of the proteins 

5 are decreased. Further, the term "a protein is deleted" used herein include both of a case where the protein is not 
expressed at all, and a case where a protein that does not normally function is expressed. 
[0016] The gene coding for the L-glutamic acid uptake system can be disrupted by gene substitution utilizing 
homologous recombination. A gene on a chromosome of a coryneform bacterium can be disrupted by transforming the 
coryneform bacterium with DNA containing a gene modified by deleting its internal sequence (deletion type gene) so 

io that the uptake system should not function normally to cause recombination between the deletion type gene and a nor- 
mal gene on the chromosome. Such gene disruption utilizing homologous recombination Ijias already been established, 
and there have been known methods therefor utilizing linear DNA, plasmid containing a temperature sensitive replica- 
tion origin and so forth. A method utilizing a plasmid containing a temperature sensitive replication origin is preferred. 
[001 7] As a gene coding for an L-glutamic add uptake system, the gfUABCD operon has been known (Kronemeyer, 

16 W. ef a/.. J. BactertoL. 177 (5). 1152-1158 (1995)). Moreover, an L-glutamic acid uptake system other than that 
encoded by the gluABCD operon has also been known (Burtavski, A. ef a/.. FEMS Microbiology Letters, 136, 169-173 
(1 996)). Although any of such genes may be disrupted, it is preferred that the uptake system encoded by the gluABCD 
operon is disrupted. I 
[0018] Because the nucleotide sequence of this operon has been known (GenBankEMBL/DDBJ Accession 

20 X81 1 91), this operon or each structural gene in the gluABCD operon can be isolated fromjchromosome DNA of coryne- 
form bacteria by PGR using primers produced based on the nucleotide sequence. A certain region can be excised from 
the thus obtained gene Iragment with one or more restriction enzymes, and at least a part of a coding region or an 
expression control sequence such as promoter can be deleted to prepare a deletion typej gene. 
[001 9] Further, a deletion type gene can also be obtained by performing PCR using primers designed so that a part 

25 of a gene should be deleted. For example, by using the primers having the nucleotide sequences shown as SEQ ID 
NOS: 1 and 2 in Sequence Listing, a gluD gene having a deletion of apart of 5' sequence can be obtained. Further, by 
using the primers having the nucleotide sequences shown as SEQ ID NOS: 3 and 4, a g\uA gene having a deletion of 
a part of 3' sequence can be obtained. When gene substitution is performed by using tfje deletion type gfuA gene or 
ghjD gene obtained by using those primers, the gluA gene or the gluD gene can be disrujrted. Further, if these deletion 

30 type gluA gene and deletion type gluD gene are ligated, and the obtained fusion gene is used for gene substitution, all 
of gluA t gluB t g/i/Cand gluD can be disrupted. Furthermore, when PCR is performed byj using a plasmid containing a 
gluA gene that has been obtained by using primers having the nucleotide sequences shown as SEQ ID NOS: 3 and 5 
as a template, and primers having the nucleotide sequences shown as SEQ ID NOS: ^ and 7, and the amplification 
product is cydized. there can be obtained a plasmid containing gluA gene including a deletion of an internal sequence 

35 and having 5' region and 3' region ligated in-f lama When gene substitution is performed by using this plasmid, only the 
giuA gene can be disrupted. | 
[0020] Moreover, primers other than those exemplified above can also be designed by the methods well known to 
those skilled in the art, and an arbitrary structural gene in the gluABCD operon can be disrupted by using such primers. 
Alternatively, the uptake system can be deleted by deleting an expression control sequence of the gluABCD operon 

ao such as a promoter so that the gene cannot be expressed. 

[0021 ] While the gene substitution of the gluABCD gene-cluster (henceforth referred to sinrply as m gluABCD gene") 
will be explained below, an arbitrary structural gene or expression control sequence can be similarly deleted. 
[0022] The gluABCD gene on a host chromosome can be replaced with a deletion type gluABCD gene as follows. 
That is, a recombinant DNA is constructed by insertion of a temperature sensitive replication origin, a deletion type 

45 gluABCD gene and a maker gene expressing resistance to a drug such as chloramphenicol, tetracycline and strepto- 
mycin, and a coryneform bacterium is transformed with this recombinant DNA. Then, the tibnstormant strain can be cul- 
tured at a temperature at which the temperature sensitive repGcalion origin does not function, and then cultured in a 
medium containing a corresponding drug to obtain a transformant strain in which the recombinant DNA is integrated 
into chromosomal DNA. | 

eo [0023] In such a strain in which a recombinant DNA is integrated into a chromosome as described above, recom- 
bination of the gluABCD gene sequence originally present on the chromosome has been caused, and two fusion genes 
of the chromosomal gluABCD gene and the deletion type gluABCD gene are inserted into the chromosome, between 
which the other parts of the recombinant DNA (the vector protion. temperature sensitive replication origin, and drug 
resistance marker) are present. Therefore, because the normal gluABCD gene is dominant in this state, the transfomv 

66 ant strain expresses the L-glutamic acid uptake system. | 

[0024] Then, in order to leave only the deletion type gluABCD gene on the chromosome DNA, one copy of the 
gluABCD gene is eliminated from the chromosome DNA together with the vector protion {including temperature sensi- 
tive replication origin and drug resistance marker) by recombination of the two gluABCD gena Upon the recombination, 
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the normal gluABCD gene may be left on the chromosome DN A and the deletion type gluABCD gene may be excised, 
or the deletion type gluABCD gene may be left on the chromosome DNA and thej normal gluABCD gene may be 
excised. In both of the cases, the excised DNA is retained on the plasmid in a cell when the cell is cultured at a temper- 
ature at which the temperature sensitive replication origin functions. Such DNA on the plasmid is eliminated from the 
5 cell when the cell is cultured at a temperature at which the temperature sensitive repljcation origin does not function. It 
can be confirmed which genes are left on the chromosome DNA by investigating the structure of the gluABCD gene on 
the chromosome by PCR. hybridization or the like. 

[0025] When such a gluABCD gene-disrupted strain produced as described above is cultured at a temperature at 
which the temperature sensitive replication origin functions (for example, low temperature), the gluABCD gene will be 

w retained in its cell. When it is cultured at a temperature at which the temperature sensitive replication origin does not 
function (for example, elevated temperature), the gluABCD gene wai be eliminated from the cell. 
[0026] Examples of the plasmid which has a temperature sensitive replication origin functioning in coryneform bac- 
terial celts indude, pHS4, pHSC4. pH$22, pHSC22. pHS23. pHSC23 (as for these, see Japanese Patent Publication 
(Kbkoku) No. 7-108228) and so forth. These temperature sensitive plasmids can autonomously replicate at a tempera- 

is ture of about 1 (X32°C, but cannot autonomously replicate at a temperature of about ZtfC or higher in a coryneform bac- 
terial cell. 

[0027] After the gluABCD gene on the chromosome are disrupted as described above, the genes-disrupted strain 
is preferably introduced with reoA' because such introduction of recA" prevents the gliiABCD gene on the plasmid from 
being integrated again into the chromosome again during culture at a low temperature. 

20 [0028] The coryneform bacterium used for the present invention may have enhanced activity of an enzyme for cat- 
alyzing the biosynthesis of L-glutamic acid In addition to the deletion or decrease of L-glutamlc acid uptake system. 
Illustrative examples of the enzyme for catalyzing the biosynthesis of glutamic acid include glutamate dehydroge- 
nase, glutamine synthetase, glutamate synthase, isocitrate dehydrogenase, aconitate hydratase. citrate synthase, 
pyruvate carboxylase, phosphoenolpyruvate carboxylase, phosphoenolpyruvate synthase, enolase, phosphoglycero- 

2$ mutase, phosphoglycerate Wnase. glyceraldehyde-3-phosphate dehydrogenase, triosephosphate isomerase, fructose 
bisphosphate aldolase, phosphofructoWnase, glucose phosphate isomerase and the like. 
[0029] Further, in the coryneform bacterium used for the present invention, an enzyme that catalyzes a reaction for 
generating a compound other than L-glutamic acid by branching off from the biosynthetic pathway of L-glutamic acid 
may be decreased of or deleted. Illustrative examples of the enzyme which catalyzes! a reaction for generating a com- 

$0 pound other than L-glutamic acid by branching off from the biosynthetic pathway of ijglutamic acid include a-ketoglu- 
tarate dehydrogenase, isocitrate lyase, phosphate acetyltransferase. acetate kinase, acelohydroximate synthase, 
acetolactate synthase, formate acetyttransferase, lactate dehydrogenase, glutamate decarboxylase, 1-pyrroline dehy- 
drogenase and the like. 

[0030] Furthermore, by introducing a thermosensitive mutation for a biotin activity inhibiting substance such as sur- 

55 face active agents into a coryneform bacterium having L-glutamic add-producing abilrty, the bacterium becomes to be 
able to produce L-glutamic acid in a medium containing an excessive amount of biotin in the absence of a biotin activity 
inhibiting substance (see WO96/06180). As such a coryneform bacterium, the Brewbacterium tactofermentum 
AJ13029 strain disclosed in WO96W6180 can be mentioned. The AJ13029 strain was deposited at the National Insti- 
tute of Bioscience and Human-Technology. Agency of Industrial Science and Technology on September 2, 1994, and 

40 received an accession number of FERM P-1 4501. Then, its was transferred to an international deposition under the 
previsions of the Budapest Treaty on August 1. 1995, and received an accession number of FERM BP-5189. 
[0031] When a coryneform bacterium having L-glutamic acid-producing ability, in which the L-glutamic acid uptake 
system Is deleted or decreased, is cultured in a suitable medium, L-glutamic acid lis accumulated in the medium. 
Because of the deletion or decrease of L-glutamic acid uptake system in the coryneform bacterium used for the present 

4s invention. L-glutamic acid secreted from the cell is prevented from being taken up again into the cell. As a result, the 
accumulation amount of L-glutamic acid in the medium is increased. According to thelmethod of the present invention, 
improvement of interval yield (ratio of the accumulation amount of L-glutamic acid to trie consumption of saccharides in 
a certain period of cultivation) can be expected when L-glutamic acid concentration in the medium becomes high. In 
particular, when a highly productive strain that shows a high L-glutamic acid concentration in a medium during fermen- 

eo tation is used, a marked effect can be obtained. | 

[0032] The medium used for producing L-glutamic acid by utilizing the microorganism of the present invention is a 
usual medium that contains a carbon source, a nitrogen source, inorganic ions and other organic trace nutrients as 
required. As the carton source, it is possible to use sugars such as glucose, lactose, galactose, fructose, starch hydro* 
Jysate and molasses or the like; alcohols such as ethand, inositol; or organic acids sbch as acetic acid, fumaric acid, 

55 citric acid and succinic acid or the like. j 

[0033] As the nitrogen source, there can be used inorganic ammonium sate such as ammonium sulfate, ammo- 
nium nitrate, ammonium chloride, ammonium phosphate and ammonium acetate, ammonia, organic nitrogen such as 
peptone, meat extract, yeast extract, corn steep liquor and soybean hydrofysates, ammonia gas, aqueous ammonia 
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and so forth. 

[0034] As the inorganic ions (or sources thereof), added is a small amount of potassium phosphate, magnesium 
sulfate, iron ions, manganese ions and so forth. As for the organic trace nutrients, it is desirable to add required sub- 
stances such as vitamin B1, yeast extract and so forth in a suitable amount as required. 

[0035] The culture is preferably performed under an aerobic condition attained by shaking, stirring for aeration or 
the like 1or 16 to 72 hours. The culture temperature is controlled to be at 30°C to 45°C, and pH is controlled to be 5 to 
9 during the culture. For such adjustment of pH, inorganic or organic acidic or alkaline substances, ammonia gas and 
so forth can be used. 

[0036] Collection of L-glutamic acid from fermentation broth can be attained by, for ekcample, methods utiGzing ion 
exchange resin, crystallization and so forth. Specifically, L-glutamic acid can be adsorbed or isolated by an anion 
exchange resin, or crystallized by neutralization. 

BRIEF DESCRIP TION OF THE DRAWINGS 



75 [0037] 

Fig. 1 shows the scheme of oonstruction of a plasmid pTMD for disrupting giuABCL 1 
Fig. 2 shows the scheme of construction of a plasmid pTAA for disruption of gluA. 

20 BEST MODE FOR CARRYING OUT THE INVENTION 



[0038] 

pies. 



The present invention will be further specifically explained hereinafter with reference to the following exam- 



gene. 



25 ( 1 ) Construction of plasmid for disruption erf gluABCD gene 

[0039] In order to create a gluABCD gene-disrupted strain of coryneform bacterium bv homologous recombination 
using a temperature sensitive plasmid, a plasmid for disruption of the gluABCD gene was constructed. 
[0040] Rrct. a deletion type gluABCD gene was constructed by cloning a gluD gene having a deletion of 5* 
sequence, and ligating it with a gluA gene having a deletion of 3' sequence. Specifically) a fragment of about 300 bp 
from a SamHI site present in giuD to a site about 270 bp downstream from gluD was ampjif ied from chromosomal DNA 
of Brevibacterium lactofermentum ATCC13869. which was a wild-type strain of coryneform bacterium, by PCR utilizing 
oligonucleotides having the nucleotide sequences represented as SEQ ID NOS: 1 and 2 as primers. This amplified 
fragment was digested with BamHl and xfcal, and the obtained fragment was ligated to pHSG299 (produced by Takara 
Shuzo) digested with BamH\ and Xba\ using T4 ligase (produced by Takara Shuzo) to obtain a plasmid pHSGAgluD. 
[0041] TTien, a fragment of about 300 bp from a site about 180 bp upstream from gluA to the BamHI site present 
in gluA was amplified from chromosomal DNA of Brevibacterium lactofermentum ATCC1 2(869 by PCR utilizing oligonu- 
cleotides having the nucleotide sequences represented as SEQ ID NOS: 3 and 4 as primers. This amplified fragment 
was digested with EcoRI and BamHI, and the obtained fragment was ligated to pHSGAgluD digested with £coRI and 
BamHI by using T4 ligase to obtain a plasmid pHSGAgluAD. This plasmid had a structure in which gluB and gluC were 
deleted, and parts of gluA and gluD were ligated. 

[0042] Then, in order to make pHSGAgluAD autonomously replicable in coryneform bacteria, a temperature sensi- 
tive replication origin derived form a plasmid autonomously replicable in coryneform bacteria was introduced into the 
unique HincW deavage site in pHSGAgluAD. Specifically, the following procedure was used. 
[0043] A plasmid pHSC4 containing a temperature sensitive replication origin (see| Japanese Patent Laid-open 
Publication (Kbkai) No. 5-7491) was digested with 6amHl and Kpnl The both termini of the obtained DNA fragment 
was Wunt-ended using Blunting Kit (produced by Takara Shuzo), ligated wrth a Kpnl linker [(produced by Takara Shuzo), 
and then allowed to cause self-ligation to obtain pKCT4. pHSC4 was a plasmid obtained as follows. That is. a DNA frag- 
ment containing a replication origin was excised from a plasmid pAJl844 (see Japanese patent Laid-open Publication 
(Kbkai) No. 58-216199), which had a replication origin derived from pHMl519 (K. Miwa et a/., Agric. Biol. Chem.. 48, 
2901-2903 (1984), Japanese Patent Laid-open Publication (Kbkai) No. 58-77895), and ligated to a plasmid for 
Escherichia coll pHSG298. to obtain a shuttle vector pHK4. This pHK4 was treated with h^droxytamine to obtain a plas- 
mid pHS4 modified to be temperature sensitive. The temperature sensitive replication ongin was excised from pHS4, 
and ligated to pHSQ398 to obtain pHSC4. Escherichia coll AJ12571 harboring pHSC4 was deposited at the National 
Institute of Bioscience and Human-Technology, Agency of Industrial Science and Technology on October 1 1 , 1 990, and 
received the accession number of FERM P-1 1 763. Then, it was transferred to internationall deposit under the Budapest 
Treaty on August 26, 1991 , and received the accession number of FERM BP-3524. | 
[0044] pKCT4 produced as described above had a structure where the replication origin derived from pHM1519 
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modified to be temperature sensitive was inserted into Kpnl site of pHSQ399. A fragment containing 
sitive replication origin was obtained by digesting pKCT4 with Kpnl, blunt-ended by 
Takara Shuzo). and ligated to pHSGAgluAD digested with HincU to obtain pTAAD (Fi^. 1). 

5 ( 2 > Construction of plasmid for disruption of gluA gene 

[0045] In order to create a coryneform bacterium in which only the gluA gene wak disrupted, a plasmid for disrup- 
tion of the gluA gene was constructed. 

[0046] A DNA fragment of about 1 500 bp containing the gluA gene was amplified from chromosomal DNA of Brevi- 
bacterium lactofermentvm ATCC13869 by PGR utilizing oligonucleotides having the nucleotide sequences shown as 
SEQ ID NOS: 3 and 5 as primers, and the amplified fragment was digested with Eco % and ligated to pH$G299 (pro- 
duced by Takara Shuzo) digested with EcoRI by using T4 ligase (produced by Takara Shuzo) to obtain a plasmid pHS- 
GgluA. 

[0047] Then, the 5' region and the 3' region of the gluA gene and the vector segmjent, except for the internal region 
of the gluA gene, were amplified by PCR utilizing oligonucleotides having the nucleotide sequences shown as SEQ ID 
NOS: $ and 7 as primers, and pHSGgluA as a templata The aforementioned primer^ were designed so that it should 
contain a BglU recognition sequence. The amplified fragment was digested with Bg!\\, and allowed to cause selHigation 
in the presence of T4 ligase to obtain a plasmid pHSGAgluA. This plasmid contained d aletion of about 250 bp of internal 
sequence among the about 730 bp open reading frame of gluA, and had a structure where the 5* region and the 3' 
region were ligated in-frame. 

[0048] Then, in order to make pHSGAgluA autonomously replicable in coryneform bacteria, a temperature sensi- 
tive replication origin derived from a plasmid autonomously replicable in coryneform I 

unique Kpnl cleavage site in pHSGAgluA. Specifically. pKCT4 was digested with Kpn\ to obtain a DNA fragment con- 
taining a replication origin, and the obtained fragment was inserted into Kpn\ ate of pi- SGAgluA to obtain pTM (Fig. 2). 



a temperature sen- 
using Blunting Kit (produced by 



< 3 ) Creation of gluABCD gene-disrupted strain and gluA gene-disrupted strain 

[0049] The plasmids for disrupting genes obtained as described above, pTAAD ind pTAA. were introduced into a 
wild-type strain, Brevibacterium tactofermentum ATCC13869 strain, by using the electric pulse method to obtain 
ATCCi3869/pTAAD and ATCCi3869/ipTAA. Gene disruption was performed by using these transtormant strains. 
[0050] Specifically, ATCCl3869/pTAAD and ATCC13869/pTAA were cultured at £5°C in CM2B broth for 24 hours 
with shaking, and inoculated to CM2B medium containing 25 ^g/ml of tanamycia Strains into which the plasmids were 
introduced were obtained as strains that formed colonies at 34*C. at which temperature the temperature sensitive rep- 
lication origin did not function. Then, the strains that became sensitive to kanamycin 34°C were obtained by the rep- 
lica method. Chromosome DNA of these sensitive strains was obtained in a conventional manner. The structures of the 
gtuABCD gene and the gluA gene on the chromosome was examined by PCR and sequencing to confirm that these 
genes should be replaced with those of the deletion type, and the strains containing the deletion type genes were des- 
ignated as AAD strain and AA strain, respectively. | 

[0051] The AAD strain and the AA strain were given with private numbers of AJ13587 and AJ13588. respectively, 
and deposited at the National Institute of Bioscience and Human-Technology. Agenc} of Industrial Science and Tech- 
nology (postal code: 305-8566, 1-3 Higashi 1-chome ( Tsukuba-shi, Ibaraki-ken, Japan) on March 23. 1999, and 
received accession numbers of FERM P-17327 and FERM P-17328, respectively, an^ then, transferred from the origi- 
nal deposit to international deposit based on Budapest Treaty on February 14, 2000, and have been deposited as 
deposit numbers of FERM BP-7028 and FERM BP-7029, respectively. 

( 4> Evaluation of L-glutamic acid-producing ability of strains AAD and AA 

[0052] Culture of the strains ATCC13869, AAD and AA for the production of L-gluiamic acid was performed as fol- 
lows. These strains that had been refreshed by culture in a CM2B plate medium were cuttured in two kinds of mediums, 
a medium containing 80 g of glucose. 1 g of KH 2 P0 4( 0.4 g of MgS0 4 *7H 2 O,|30 g of (NH 4 ) 2 S0 4 , 0.01 g of 
FeS0 4 * 7H 2 0, 0.01 g of MnS0 4 ■ 7H 2 0, 15 ml of soybean hydrolysate solution, 200 /ig of thiamin hydrochloride, 3 pg 
of biotin, and 50 g ol CaC0 3 in 1 L of deionized water (prepared at pH 8.0 by using rjOH), and a medium further con- 
taining 50 g/L of L-glutamic acid in the foregoing medium, at 31.5°C. After the cultivation, the amounts of accumulated 
L-glutamic acid in the mediums, and absorbance at 620 nm of the mediums diluted 51 times were measured. The 
results obtained tor the medium with no addition of L-glutamic acid were shown in Taqle 1. The results obtained for the 
medium added with L-glutamic acid were shown in Table 2. 
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Table 1 
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75 



20 



Strain 


OD 62 o 


L-glutamic acid (g/L) 


Yield (%) 


ATCC 13869 


0.937 


40.8 


50.4 




AAD 


1.127 


36.3 


44.9 




AA 


0J66 


44.3 


54.8 




Table 2 




Strain 


ODeao 


L-glutamic arid (g/L)* 


Yield (°X 




ATCC 13869 


0.845 


29.5 


43.9 




AAD 


0.927 


30.0 


44.6 




AA 


0.749 


32.0 


47.6 





* The amounts do not include the L-glutamic acid added to the 
medium. 



25 [0063] These results show that the accumulation amount and yield of L-glutamic acid were improved for both of the 
AA strain and the AAD strain when the medium contained L-glutamic acid at a high concentration. Further, the yield of 
L-glutamic acid was improved by the AA strain even in the medium not containing L-gfuta nic acid. 
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SEQUENCE LISTING 

<110> Ajinonoto Co., Inc. 

<120> Method for Producing L-Glutaaic Acid 

<130> 0P948 

<141> 2000-03-2 V 

<150> JP 11-81693 
<151> 1999-03-25 

<160> 7 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description ol Artificial Sequence:priner for 
PCR 

gactggcagg atcctgatta taagg 

<400> 2 
<210> 1 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence rpriner for 
PCR 

<400> 2 

cgcgtctaga ggcgcttgag caaatcgacc 
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<210> 3 
<211> 30 

5 <212> DNA 

l <213> Artificial Sequence 

<220> 

10 <223> Description of Artificial Sequence :primer for 

PCS 

<400> 3 

15 aggtgaattc cggacaggat cggagactac 

<210> 4 
<211> 25 

20 <212> DNA 

<213> Artificial Sequence 

<220> 

a - <223> Description of Artificial Sequence:priaer for 

PCB 

<400> 4 

80 ttgacttgcc ggatccggat ggtcc 

<210> 5 
<2U> 30 

35 <212> DNA 

<213> Artificial Sequence 

<220> 

40 ' 

<223> Description of Artificial Sequence :pr i ner for 
PCR 

<400> S 

tcatgaattc ctcaccgttt tgaatgaggg 

<210> 6 
<211> 30 

so 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence :priaer for 
PCR 

<400> 6 

gatgagatct cgttccaaca ggctcatcgc 

<210> 7 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for 
PCR 

<400> 7 

aagcagatct tcgtgtgttg ttcatggcgg 



Claims 

1. A method tor producing L-glutamic acid, comprising the steps of cufturing a cor metorm bacterium which has L- 
glutamic add-producing ability in a medium to produce and accumulate L-glutamic acid in the medium, and collect- 
ing the L-glutamic acid from the medium, wherein an L-glutamic acid uptake system is deleted or decreased in the 
coryneform bacterium. 

2. The method according to claim 1 , wherein the L-glutamic acid uptake system is encoded by the glUABCD operoa 

3. The method according to claim 2, wherein at least one of expression products of t ie gluABCD operon is deleted in 
the coryneform bacterium. 

4. The method according to claim 3, wherein at least gtuA is deleted in the corynefo rm bacterium, 

5. The method according to claim 4 t wherein all of gluA, gluB, gluO and gluD are deleted in the coryneform bacte- 
rium. 
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PROCESS FOR THE MICROBIAL PRODUCTION OF AMINO ACIDS 
BY BOOSTED ACTIVITY Qf EXPORT CARRIERS * 

The invention relates to a process for the microbial pro- 
duction of amino acids according to claims 1 to 20, export 
genes according to claims 21 to 26, regulator genes according 
to claims 29 and 30, vectors according to claims 31 to 33, 
transformed cells according to claias 34 to 40, membrane pro- 
teins according to claims 41 and 42 and uses according to claim 
43 and 4B. 

Amino acids ate of high economical interest and there are 
many applications for the amino acids: for example, L-lysine as 
well as L-threonine and L-tryptophan are needed as feed addi- 
tives, L-glutaaate as seasoning additive, L-isoleucine, and L- 
tryosine in the pharmaceutical industry, L-arginine and L- 
isoleucine as medicine or L-glutamate and L-phenylalanine as a 
starting substance for the synthesis of fine chemicals. 

A preferred method for the manufacture of these different 
amino acids Is the biotechnological ntanuf acwre by means of mi- 
croorganisms; since, in this way, the biologically effective 
and optically active form of the respective amino acid is di- 
rectly obtained and simple and inexpensive raw materials can be 
used, . As microorganisms, for example, Carynebacterium glu- 
tamics and its relatives ssp. flavum and ssp lactofermentum 
(liebl et al; Int. J-System Bacterid (1591) 41:255-260) as 
well as Escherichia coli and related bacteria can be used. 

However, these bacteria produce the aaino acids only in 
the amounts needed for their growth such that no excess amino 
acids are generated and are available. The reason for this is 
that in the cell the biosynthesis of the amino acids is con- 
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trolled in various ways. As a result/ different methods of in- 
creasing the formation of products by overcoming the control 
mechanisms are already known. In these processes, for example/ 
amino acid analogs are utilized to render the control of the 
biosynthesis ineffective. A method is described, for example, 
wherein coaryjiebacterium strains are used which are resistant 
to L-tyrosine and L-phenylalanine analogs (JP 19037/1976 and 
39517/1978). Also methods have been described in which bacte- 
ria resistant to L- lysine and also to L-threonine analogs are 
used in order to overcome the control mechanisms [EP 0 205 849 
Bl, UK patent application GB 2 152 509 Al . 

Furthermore, microorganisms constructed by recombinant DNA 
technieiues are known wherein the control of the biosynthesis 
has also been eliminated by cloning and expressing the genes 
which code for the key enzymes which cannot be feed-back inhib- 
ited any more- For example, a recombinant L-lysinee producing 
bacterium with plasmid-coded feedback-resistant aspartate 
kinase is known (EP 0381527). Also, a recombinant L- 
phenylalanine producing bacterium with feedback resistant pre- 
phenate dehyrodgenase has been described (JP 124375/1986; EP 0 
.488 424) . In addition, increased amino acid yields have been i 
obtained by overexpression of genes which do not code for feed- | 
back-sensitive enzymes of the amino acids synthesis . For exam- 
ple/ the lysine formation is improved by increased synthesis of 
the dihydrodipicolinate synthase (EP 0 197 335). Also, the 
threonine formation is improved by increased synthesis of 
threonine dehydratase (EP 0 436 886 A15 . j 

Further experiments for increasing the amino acid produc- 
tion aim at an improved generation of the cellular primary me- 
tabolites of the central metabolism- In this connection, it is 
known that the overexpression of the transketolase achieved by 
recombinant techniques improve the product generation of L- 
tryptophan, L-tyrosine or L-phenalanine (EP 0 600 463 A2) . , 
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Furthermore, the reduction of the phosphenol pyruvate carboxy- 
lase activity in Carynebacterium provides for an improvement in 
the generation of aromatic amino acids (EP 0 331 145) - 

All these attempts to increase the productivity have the 
aim to overcome the limitation of the cytosolic synthesis of 
the amino acids. However, as a further limitation basically 
also the export of the amino acids formed in the interior of a 
cell into the culture medium should be taken into considera- 
tion- As a result, it has been tried to / improve this export 
and, consequently, the efficiency of the amino acid production. 
For example, the cell permeability of the Carynebacterium has 
been increased by biotin deficiency, detergen'ce or penicillin 
treatment. However, these treatments were effective exclu- 
sively in the production of glutamate, whereas the synthesis of 
other amino acids could not be improved in this manner. Also, 
bacteria strains have been developed in which the activity of 
the secretion system is increased by chemical or physical muta- 
tions. In this way, for example/ a Coryixebacterium glutamicum 
strain has been obtained which has an improved secretion activ- 
ity and is therefore especially suitable for the L-Lysine pro- 
duction. (DC 02 03 320). 

Altogether, the attempts to increase the secretion of 
amino-acids formed within the cell have all in common that an 
increase efflux of amino acids on the basis of the selected 
non-directed and non-specific methods could be achieved only 
accidentally. 

Solely in the German patent application No. 195 23 279.8- 
41, a process is described which provides for a well-defined 
increase of the secretion of amino acids formed internally in a 
cell by increasing the expression of genes coding for the im- 
port of amino acids. The understanding on which this process 
was based, that is, the cell utilizes import .proteins for the 
export of amino acids as well as the fact that by nature micro- 
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organisms do not generate ^nd release excess amino acids lets 
one assume that export genes or proteins specific for the amino 
acid transport do not exist, but that the amino acids are ex- 
creted by way of other export systems. 

The export systems known so far export poisonous metal 
ions, toxic antibiotica and higher molecular toxins. These ex- 
port systems are relatively complex in their structure. Gener- 
ally, membrane proteins of the cytoplasmic membrane are in- 
volved which however cause only a partial reaction of the ex- 
port so that presumably additional extra cytoplasmic support 
proteins are needed for the transport (Dink, T. et al., A fam- 
ily of large molecules across the outer membranes of gram- 
negative bacteria., J- Bacteriol. 1994, 176: 3925-39$l) . rur- 
thermore, it is known that/ with the sec-dependent export sys- 
tem for extra-cellular proteins, at least six different protein 
components are essential for the export. This state-of-the-art 
suggests that also the systems, which are responsible for the 
export of amino acids, but which are not known so far comprise 
several protein components or respectively, several genes are 
responsible for the export of amino acids. A hint in this di- 
rection could be the various mutants which are defective in the 
lysine export as described by Vrylic et al-,{J. Bacteriol 
(1995) 177:4021-4027). 

It has now been found surprisingly that only a single spe- 
cific gene is responsible for the export of amino acids so 
that, in accordance with the invention, for the first time a 
method for the microbial manufacture of amino acids is provided 
wherein clearly the export gene expression and/or the export 
carrier activity of a microorganism producing amino acids is 
increased. The increased export expression or respectively, 
activity of the export carrier resulting from this process 
leads to an increased secretion rate so that the export of the 
respective amino acid is increased. The microorganisms so 
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modified also accumulate an increased part of the respective 
amino acid in the culture medium- 

For an increase in the export carrier activity especially 
the endogenic activity of an amino acid producing microorganism 
is increased* An increase of the enzyme activity can be ob- 
tained for example by an increased substrate consumption 
achieved by changing the catalytic center or by eliminating the 
effects of enzyme inhibitors. An increased en2yme activity can 
also be caused by an increased enzywe synthesis for example by 
gene amplification or by eliminating factors which inhibit the 
enzyme biosynthesis.. The endogene export activity is increased 
preferably by mutation of the endogenic export gone. Such mu- 
tations can be generated either in an uncontrolled manner in 
accordance with classic methods as for example by UV irradia- 
tion or by mutation causing chemicals or in a controlled manner 
by gene-technological methods such as deletion (s) insertion (©) 
and/or nucleotide exchange (s) - 

The export $ene expression is increased by increasing the 
number of gene copies and/or by increasing regulatory factors 
which positively affect the export gene expression. For exam- 
ple, a strengthening of regulatory elements takes place pref- 
erably on the transcription level by increasing particularly 
the transcription signals. This can be accomplished for exam- 
ple in that, by changing the promoter sequence arranged before 
the structure gene, the effectiveness of the promoter is in- 
creased, or by completely replacing the promoter by more effec- 
tive promoters. An amplification ot the transcription can also 
be achieved by accordingly influencing a regulator gene as- 
signed to the export gene as will be explained further below. 
On the other hand, an amplification of the translation is also 
possible, for example, by improving the stability of the m-FNft. 

To increase the number of gene copies the export gene is 
installed in a gene construct or, respectively, in a vector, 
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preferably, a vector with a small number of copies. The gene 
construct includes regulatory gene secjuences, which are spe- 
cifically assigned to the export gene, preferably such se- 
quences which reinforce the gene expression. The regulatory 
gene sequences comprise a nucleotide sequence which codes for 
the amino acid sequence given in table 1 or the allele varia- 
tions thereof or respectively, a nucleotide sequence 954 to B2 
according to table 2 or a DNA sequence which is effective es- 
sentially in the same manner. 

Allele variations or, respectively, equally effective DNA 
sequences comprise particularly functional derivatives which 
can be obtained by deletion (s) insertion^) "and/or substitu- 
tion (s) of nucleotides of corresponding sequences, wherein how- 
ever the regulator protein activity or function is retained or 
even increased. In this way, the effectiveness of the interac- 
tion of the regulatory protein to the DNA of the export gene to 
be regulated can be influenced by mutating the regulatory gene 
sequence such that the transcription is strengthened and, con- 
sequently, the gene expression is increased, in addition, also 
so-called enhancers may be assigned to the export gene as regu- 
latory sequences whereby, via an improved correlation between 
RNA polymerase and DNA, also the export gene expression is in- 
creased. 

For the insertion of the export gene into a gene con- 
struct, the gene is preferably isolated from a microorganism 
strain of the type corynebacterium and, with the gene construct 
including the export gene, a microorganism strain, especially 
Corynebacterium, producing the respective amino acid is trans- 
formed. The isolation and transformation of the respective 
transport gene occurs according to the usual methods. If a 
transport gene is Isolated and cloned from Corynebacterium then 
for example, the method of homologuous complementation of an 
export defective mutant is suitable {J.Bacteriol. 11995)171: 
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4021-4027) . If a direct cloning of the structure gene is not 
possible vector sequences may first be inserted into the trans- 
port gene whereupon it is isolated by way of "plasmid rescue" 
in the form of inactive fragments. For the process according 
to the invention genes from the C. glutarolcum ATCC 13032 or C. 
glutanucum ssp. flavum 14061 or also, C- glucamicum ssp. lacto 
fermentum ATCC 13869 are particularly suitable. The isolation 
of the genes and their in-vitro recombination with known vec- 
tors (Appl. Env. Microbial (1989)55: 6B4-68B; Gene 102(1991)93- 
98) is followed by the transformation into the amino acid pro- 
ducing strains by electroporation (Liebl et! al. (1989) FEM5 Mi- 
crobiol Lett. 65; 299-304) or P conjugation (Sehafer et al- 
(1990) J. Bacteriol. 172:1663-1666). For the transfer, pref- 
erably vectors with low numbers of copies are used. As host 
cells, preferably such amino acid producers are used which are 
deregulated in the synthesis of the respective amino acids 
and/or which have an increased availability of central metabo- 
lism metabolites. 

After isolation, export genes with, nucleotide sequences 
can be obtained which code for the amino acid sequences given 
in table 3 or for their allele variations or, respectively, 
which include the nucleotide sequence of 1016 to 1725 according 
to table 2 or a DNA sequence which is effective essentially in 
the same way. Also here, allele variations or equally effec- 
tive DNA sequences include particularly functional derivatives 
in the. sense indicated above for the regulatory sequences. 
These export genes are preferably used in the process according 
to the invention. 

One or several DNA sequences can be connected to the ex- 
port gene with or without attached promoter or respectively, 
with or without associated regulator gene, ,so that the gene is 
included in a gene structure. j 

By cloning of export genes, plasmids or, respectively, 
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vectors can be obtained which contain the export gene and 
which, as already mentioned, are suitable for the transforma- 
tion of an amino acid producer. The cells: obtained by trans- 
formation which are mainly transformed cells from Corynebacta- 
rium, contain the gene in reproducible form, that is, with ad- 
ditional copies on the chromosome wherein the gene copies are 
integrated at any point of the genome by homologous recombina- 
tion and/or on a plasmid or respectively, vector . 

A multitude of sequences is known which code for membrane 
proteins of unknown function. By providing in accordance with 
the invention export genes such as the export ?ene with the nu- 
cleotide sequence of nucleotide 1016S to 1725 in accordance 
with table 2 or respectively, the corresponding export proteins 
for example that with the amino acid sequence according to ta- 
ble 1, it ie now possible to identify by sequence comparison 
membrane proteins, whose function is the transport of amino ac- 
ids. The export gene identified in this way can subsequently 
be used to improve the amino acid production in accordance with 
the procesa of the invention. 

The membrane proteins known from the state-of-the-art 
generally include 12, some also only 4 transmembrane helices. 
However, it has now been found surprisingly that the membrane 
proteins responsible or suitable for the export of amino acids 
include 6 transmembrane helices (see for- example, the amino 
acid sequence of an export protein listed in the table 3, 
wherein the 6 transmembrane areas have been highlighted by un- 
derlining) . Consequently, there is a new class of metnbrane 
proteins present which. has not yet been described. 
Examples : 

a) Cloning of an export gene and cloning of a regulator of 
Corynebacterium glutamicum. 

Chromosomal DMA from C glutamicum R127 (FEMS Microbiol 
lett- (1969)65:299-304) was isolated as described by Scharzer 
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et al. {Bio/Technology (1990) 9:84-87). The DNA was then split 
with the restriction enzyme sau3A and separated by saccharose 
gradient centxif ligation as described in Sambrook et al. 
(Molecular cloning, A laboratory manual (1989) Cold Spring Har- 
bour Laboratory Press) . The various fractions were analyzed 
gel electrophoretically with respect to their size and the 
fraction with a fragment sire of about 6 - loicb was used for 
the ligation with the vector pJCl- In addition, the vector 
pJCl was Unearned with BaaHI and dephosphorylized. Five ng 
thereof was ligated with 2Cng of the chromosomal €-10 kb frag- 
ments. With the whole ligation preparation, the export defec- 
tive mutant NAB (J* Baeterol. (1995)1-77:4021-4027) Was trans- 
formed by electroporation (FEMS Microbiol Lett (1989) 65:299 - 
304) - The transformants were selected for LBHIS(PEMS Micro- 
biol. Lett. (1989)65:299-304) with l5ug kanamycin per ml. 
These transformants were subjected to extensive plasmid analy- 
ses in that 200 of the altogether 4500 clones obtained were in- 
dividually cultivated and their plasmid content and size was 
determined. On average, about half of the kanamyc in-resistant 
clones carried a recombinant plasmid with an insert of the av- 
erage size of 8kb. This provides for a probability of 0*96 for 
the presence of any gene of C, glutamicum in the established 
gene bank. The 4500 obtained transformants were all individu- 
ally checked for renewed presence of lysinee secretion, For 
this purpose, the system described by Vrljic foe the induction 
of the 1-lysinee excretion in Corynebacteriua glutamic was 
utilized (J. Bacterid (1995) 177:4021-4027). For this pur- 
pose, so-called minimal -medium- indicator plates were prepared, 
which contained per liter 20g (NH«) 2 SO<, 5g uric acid, lg KH 2 PO„ 
1 g K2KPO4 , 0.25g KgSO«x7HiO, 42 g morpholino propane sulfonic 
acid, 1ml CaCla (Ig/lOQml), 750 al destw 1 ml Cg trace salts, 1 
ml biotin (20ug/1001), pH7, 4% glucose, 1.8mg protocatechuic 
acid, 1 mg FeS0 4 x 7 H a 0, 1 mg MnSO fl x HA 0,1 mg 2nS0< x 7&0, 
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0.02mg CuSO<, 0.0O2mg NiCl* x 6^0, 20 g agar-agar, as well as 
10 1 cells/ml of the lysine-auxotrophene C. glutaaicum mutant 
49/3. The original 4500 transf ormants were all individually 
pinned, by toothpicks onto the indicator platea with, in each 
case, a check of the original non-excretor NA8 (J.Bacteriol 
(1995)17-7:4021-4027] and the original strait R127. At the same 
time, always 2 plates were inoculated of which only one con- 
tained additionally 5mM L-methionine in order to induce the ly- 
sine excretion in this way. The indicator plates were incu- 
bated at 30°C and examined after 15, 24 and 48 hours. In this 
way, altogether 29 clones were obtained which showed on the in- 
dicator plate provided with methionine a growth court by the 
indicator strain 43/3- The clones were examined individually 
and then again as described above, for ^establishment of the 
growth court. In this way, the two clones NA8 pMV*8-5-24 and 
KA8 pHV6-3 were obtained which had again received the capabil- 
ity to excrete lysine. 

From these clones, plasoid preparations were performed as 
.described in Schwarzer et al. (Bio/Technology (1990)9; 84-87). 
By retransfonaation in Nfc8, the plasmid-connected effect of the 
excretion of L-lysine was confirmed. Both plasnids were sub- 
jected to a restriction analysis. Plasaid pWVB-S-24 carries an 
insert of B.3 kb, and pMV6-3 one of 9.5 kb. The physical char- 
ter of the inserts is shown in Fig. 1. 

b) Subcloning of an DNA fragment which reconstitutes the 

lysine export. ,» 

From the insert of the plasmid FMV6-3 individual subclones 
were prepared utilizing the restriction severing point as de- 
termined, in this way, the 3.7 kb Xhcl-Sall -fragment, the 2.3 
kb BamHI-fragment and the 7.2 kb BaxnHI fragment were ligated 
with the correspondingly severed and treated vector pJCl (Mol 
Gen. Genet. (1990)220: 478-4eQ) . With the ligation products C. 
glutamicutt NA8 was directly transformed, the transformants were 
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tested for having the lysine excretion properties and the pres- 
ence of the subclone was confirmed by plasmid preparation and 
restriction analysis. In this way. the strain with plasmid 
pMV2-3 (Fig. 1) was obtained as smallest subclone. This frag- 
ment resulting in lysine export contains as insert the 2.3kb 
Bam fragment from pMV6-3. 

c) Sequence of the lysine export gene lys E and ite regu- 
lators lysG. 

The nucleotide sequence of the 2.3kb BamHi fragment was 
performed according to the dideoxrchain termination method of 
Sanger et al. (Proc. Natl. Acad. Sci USUI WD 74:5463-5467) 
and the sequencing reaction with the Auto Read Sequencing kit 
from Pharamcia (Uppsala, Sweden) . The electrophoretic analysis 
occurs with the automatic laser-fluorescence Ott aeguendng ap- 
paratus (A.L.F) from Pharmacia-LKB<Piecataway. NJ, USA). The 
nucleotide sequence obtained was analyzed by the program packet 
HCSAR (Release 3.0) of the German Cancer Research Center 
(Heidelberg). The nucleotide sequence and the result of the 
analysis is presented in Fig. 2. The analysis results in two 
fully open reading frames (ORF) on the sequenced DNA piece. 
ORF1 codes for a protein with a length of 236 amino acids, OFR2 
codes for a protein with a length of 290 amino acids. The pro- 
tein derived from ORF1 includes an accumulation of hydrophobic 
amino acids as they are characteristic for membrane-embedded 
proteins, the detailed analysis of the distribution of the hy- 
drophobic and hydrophilic amino acids by, the programs PHD. HTM 
(Protein Science (1995)4: 521-533) ia shown in table 3. It is 
apparent therefrom that the protein contains six hydrophobic 
helix areas which extend through the membrane. Consequently, 
this protein is the searched for exporter of the amino acid L- 
lysine. The corresponding gene will therefore be designated 
below as lysK. In table 2, it is marked accordingly. ORF2 is 
transcribed in a direction opposite to ORF1. The sequence 



11 



2004 07/08 t 14:14 FAI SMfplM 



1^1016/047 



analysis shows that ORF2 has a high identity with regulator 
genea which are combined as a single family (Ann Rev Micro- 
biol(1993) 597-626). Genes of this family regulate the expres- 
sion processes of the various genes involved in catabolic or 
anabolic processes in a positive vay. For this reason, ORF2 
will below be designated as lysG (Govern=regulating) - Because 
of the coordination and because lysE could be cloned (see a)) 
and subcloned (see b) ) together with lysG, lysG is regulator of 
lysE and consequently also participates in the lysine export. 
The gene lysG and the amino acid sequence derived therefrom are 
also shown in table 2 and, respectively, table 1, 

d> Identification of an unknown membrane protein frora Es- 
cherichia coli by sequence comparison* 

With the established sequences according to table 3 al- 
ready existing sequence banks can be searched in order to as- 
eign the proteins derived in this way from sequenced areas a 
certain function. Correspondingly, the amino acid sequence of 
the lysine exporters consisting of C. glutamicum were compared 
with derivated protein sequences of all the DNA sequences de- 
posited there utilizing the program packet HUSAR (Release 3,0) 
of the German Cancer Research Center (Heidelberg) . A high ho- 
mology of 39.3% identical amino acids and 64.9% similar amino 
acids was found to a single sequence of so far unsown function 
of E.coli. 

The comparison is shown in Fig. 2. The open read frame of 
£. coll so far not characterized is consequently identified by 
way of this process as an amino export gene. 

e) Increased export of intracellular^ accumulated L- 

lysine. 

The strain C. glutamicum NA8 (J. Bacterid (1995) 177: 
4021-4027 was transformed with plasmid pMV2-3. and the L-lysine 
excretion of the strains was compared. For this purpose, HAS 
and NA8pMV2-3 in complex medium were utilized as described in 
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Vrljic et al. (J. Bacterid (1995)177:4021-40277) and the fer- 
mentation medium CGX1 1 (Bacterid (1993) 175:5S9S-5603 were each 
separately inoculated. The medium additionally contained 5mM 
L-methionin in order to induce the intracellular L-lysine bio- 
synthesis. After cultivation for 24 hours at 30°c on a rotary 
vibrator at 140 rpm, the cell internal and external L-lysine 
determinations were performed. For the cell-internal determi- 
nation silicon oil centrifugations were performed (Methods En- 
zymology LVU979) 547-567); the determination of the amino ac- 
ids occurred by high pressure liquid chromatography (J. Chromat 
(1983) 266:471-482) . These determinations were performed at 
different times as indicated in. Fig. 3. In accordance with the 
process used the retained cell internal L-lysine is excreted 
also by pMV2-3 to a greater degree and is accumulated. Accord- 
ingly, also the cell internally present L-lysine is greatly re- 
duced. Consequently, the utilization of the newly discovered 
and described exporter represents a procees for greatly improv- 
ing the L-lysine production. 

f ) Increased accumulation of L-lysine by lysE or LysEG. 

From the subclone pMV2-3 which contains the sequenced 
2374bp Bam Hi-fragment in pJCl (see figure 1) . the lysE carry- 
ing 1173 bpPvuII fragment was ligated in pZl (Appl. Env. Micro- 
biol (1969) S5:6B4-688) according to the sequence information and • 
in this way, the plasmid plysE was obtained. This plasmid as 
well as the lysE lysG carrying plasmid pKV2-3 was introduced 
into C. glutamicum strain d by electroporation wherein the 
'chromosomal areas were deleted. The obtained strains C. glu- 
tamicum d DMV2-3, C. glutamicum d plysE, C. glutamicum pJCl 
were, as described under e) precultivated on a complex medium, 
then cultivated in production minimal medium CGxll together 
with 4% glucose and 5mM 1-methionin and samples were taken to 
determine the accumulated lysine. As apparent from Fig. 4 with 
lysE lysG an increase of the lysine accumulation with respect 
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to a control sample is achieved. With plysE an extraordinarily 
Increased accumulation of from 4.6 to 13.2 roM L-lysine is 
achieved with thia method. 



LEGENDS OF THE TABLES AND FIGURES 

Table l: The amino acid sequence of the lysine exporter 
regulator from Corynebacterium glutamicum with the helix-turn- 
helix motive typical for DNA-binding proteins- 
Table 2 (three pages): The nucleotide sequence of C. glu- 
tamic™ coding for the lysine exporter and lysine export regu- 
lators. 

Table 3: the amino acid sequence of the lysine exporter 
from Corynebacterium glutamicum with the identified transmem- 
brane helices TMH1 to TMH6. 

Figure l: the fragments in pKV6-3 and pMV8-5-24 obtained 
by the cloning which cause the lysine secretion and the sub- 
clone pMV2-3 made from pMV6-3, which also causes the lysine se- 
cretion and which was sequenced. BiBanHl; Sm, Smal; Se, Sacl; 
SI, Sal I, II* Hindu; X, Xhol. 

Figure 2: Comparison of the derivated amino acid sequence 
of LysE from C. glutamicum (above), with & gene product of so 
far unknown function from Escherichi coli (below), which is 
identified thereby as. export carrier. 

Fig. 3: increased lysine export bypHV2-3 with c. glu- 
tamicum NA8. On top, the control with low excretion and cell- 
internal backup of lysine up to about ISOmM. Below, the high 
secretion caused by pMV2-3 with cell internally only small 
backup of about 30mM. 

Figure . 4: the increase of the lysine accumulation in C. 
glutamicum by lys E lys G(pMV2-3) (middle curve)', and the accu- 
mulation caused by lysE(plysE) (upper curve). 
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EDITORIAL NOTE 
No: 19218/97 

The following five pages are unnumbered 
(Table 1 to Table 3) 
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Throughout this specification and the claims which follow, unless the context requires 
otherwise, the word 'comprise", and variations surh as "comprises 1 and "comprising", wOl 
be understood id imply the inclusion of a staled integer or step or group of integers or steps 



but not the exclusion of any other integer or step or group 



of integers or steps. 
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TH£ CLAIMS DEFINING TJtiE INVENTION ARE AS FOLLOWS: 

1. Process for the microbial production of amino fields wherein a bacterial 
microorganism is modified such thai the activity ofibe export carrier which is specific for the 
corresponding amino acid and which is encoded by a single export gene is increased and/or 
such that the expression of the single export gene specific for jthe corresponding amino acid of 
a bacterial microorganism producing the respective amino acid is increased. 



2. Process according to claim 1, characterized in thac Che 

the microorganism is in- 



characterized in that by 



endogenous export carrier activity of 
creased. 

3. Process according to claim 2, 
mutation of the endogenous export gene a carrier with higher 
export activity is generated. 

4. Process according to one of the claims 1 to 3, charac- 
terized in that the gene expression of the export carrier is 
increased by increasing the number of gene copies. 

5 f Process according to claim A, characterized in that to 
increase the number of copies the exporf gene is installed in a 
gene construct. 

6. Process according to claim S, characterized in that the 

th a low number of cop- 



export gene is installed in a vector wi 
ies. 

7. Process according to claim 5 
that the export gene is installed in a 

eludes regulatory gene sequences assigned to the export gene- 

8. Process according to claim 7, characterized in that the 
regulatory gene sequence includes a nucleotide sequence coding 
for the amino acid sequence given in table 1 and the -allele 
variations thereof. 

9. Process according to claim 9, chacactecieed in that the 



or 6, characterized in 
gene construct which in- 
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regulatory gene sequence includes a nucleotide sequence of nu- 
cleotide sequence of nucleotide 954 to 62 according to table 2 
or a DNA sequence effective essentially in the same way. 

10. Process according to one of the claims 5 to 9, charac- 
terized in that a microorganism producing the respective amino 
acid is transformed with the gene construct including the ex- 
port gene. 

11. Process according to claim 10, characterized in that a 
microorganism of the type Cbrynebacterium is transformed with 
the gene construct including the export gene. 

12. Process according to claim 10 or 11/ characterized in 
that for the transformation a microorganism is utilized in 
which the enzymes which participate ia| the synthesis of the 
corresponding amino acids are deregulated. 

13. Process according to one of the claims 10 to 12, char- 
acterized in that for the transformation a' microorganism is 
utilized which contains an increased part of the central me- 
tabolism metabolites. 

14. Process according to one of claims 4 to 13, character- 
ized in that the export gene is isolated from a microorganism 
strain of the type Corynebacterium. 

15. Process according to one of the preceding claims, 
characterized in that the export gene sepeace is identified by 
comparison with the sequence of an already known export gene 



16. Procese according to claim 15/ 



characterized in that 



that the amino acid sequence derived from the export gene se- 
quence to be identified is compared with the amino acid se- 
quence given in table 3 or the allele variation thereof 




17, Process according to* one of 
characterized in that the export gene 
by amplifying the transcription signals. 

IB. Process according to one of 
.characterized in that as export gene, a 



the preceding claims, 
expression is increased 

the preceding claims, 
gene with a nucleotide 
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3 and the allele variations thereof 



in that as export gene a gene with 



claims for the manufacture of V- 



sequence coding for the amino acid sequence given in table! : 
is utilized. 

19. Process according to claim 18, characterized i 
the nucleotide sequence of nucleotide 1016 to 1725 according to table 2 or a DNA sequence 
with essentially the same effects is utilized. 

20. Process according to one of the preceding i 
lysine. 

21 . A single isolated or modified bacterial export gene coding for an amino acid 

export carrier. j 

22- Export gene according to claim 21 with a nucleotide sequence coding for an 
amino sequence given in table 3 or the allele variation thereof. 

23. Export gene according to claim 22 with the nucleotide sequence of nucleotide 
1016 to 1725 according to table 2 or a DNA sequence with essentially the same effects. 

24. Export" gene according to one of the claims 21 to 23 with regulatory gene 

sequences assigned thereto. | 

25. Export gene according to claim 24, characterized in that the regulating gene 
sequence includes a nucleotide sequence coding for the arojno sequence given in table 1 and 
the allele variations thereof. j 

26. Export gene according to claim 25. characttrked in that the regulating gene 
sequence includes a nucleotide sequence of nucleotide 954 to 52 according to table 2 or a 
DNA sequence effective essentially in the same way. 

27. An isolated or modified regulator gene suitable for the regulation of an export 
gene coding for an amino acid and export carrier, including a nucleotide sequence coding fox 
the amino sequence given in tabic 1 and the allele variations thereof. 

28. Regulator gene according to claim 27 vlith the nucleotide sequence of 
nucleotide 954 to 82 according to table 2 or a DNA sequence effective essentially in the same 
way. 

29. Gene structure containing an export gene according to 
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regulatory gene sequence 



one of claims 21 CO 24. 

30- Gene structure including a 
according to claim 27 or 28. 

31. Vector including an export gene according to one of 
claims 21 to 26 or a gene structure according co claim 29. 

32. Vector according to claim 31 wich a low number of cop- 
ies, j * 

33. Vector including a regulatory gene sequence according 
to claim 27 or 28 or a gene structure according to claim 30. 

34. Transformed cell including, i'n a replicable form, an 
export gene according to one of the claims 21 to 26 or a gene 
structure according to claim 29. 

35. Transformed cell according to claim 34 including a 
vector according to claim 31 or 32. 

36. Transformed cell according to 



claim 34 or 35, charac- 



terized in that it belongs to the type Corynebacterium 



37. Transformed cell according to 



one of claims 34 to 36, 




characterized in that in this cell the enzymes of the amino 
acid, which participate in the synthes 
wherein the amino acid is removed from 
export carrier for, which the export gene 
into the transformed cell, codes. 

38. Transformed cell according to 
characterized in that the cell includes 
of central metabolism metabolites. 

39. Transformed cell including, 
regulatory gene sequence according to claim 27 or 28 or a gene 
structure according to claim 30. 

40 • Transformed cell according to claim 39, including a 
vector according to claim 33. 

.41, An isolated or modified bacterial membrane protein specific for the export of amino 
acids comprising 6 transmembrane helices. 
42. Membrane protein according to claim 41 , including the 



is, are deregulated and 
the cell by way of the 
which was transferred 

one of claims 34 to 37, 
an increased proportion 

in replicable form, a 
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amino acid sequence given in table 3 wherein table 3 is part oTthis claim. 



43. Use of a single isolated or modified bacterial 



export gene encoding an amino 



• 

* 



• V* 

• ■ 



acid export carrier for increasing the amino acid production ojf micro-orgaiiisins. 

44. Use according to claim 43, characterized in that a mutated export gene, which 
codes for an enzyme with increased export carrier activity is \ ctilizcd. 

45. Use according to claim 43 or 44, characterized id that the amino acid producing 
microorganism is transformed with a gene construct which includes an export gene. 

46. Use according to claim 45, characterized in that the gene construct additionally 
carries regulatory gene sequences. 

47. Use according to one of the claims 43 to 46, characterized in that an export gene 
torn Corynebacterium is utilized. 

48. Use according to one of claims 43 to 47, characterized in that Corynebacterium 
is used as amino acid producing miacorgaiiism. 

49. A process according to any one of claims 1 to 20 or an export gene according to 
any one of claims 21 to 26 or a regulator gene according to any one of claims 27 and 28 or a 
gene structure according to claims 29 or 30 or a vector according to any one of claims 31 to 33 
or a transformed cell according to any one of claims 34 to 40 Or a membrane protein according 
to any one of claims 4 1 or 42 or a use according to any one of claims 43 to 48 substantially as 
hereinbefore described with reference to the Figures and/or Examples. 



DATED this 25th day of JULY, 2000 
Forschungszentrum Julich GmbH 
DAVBS COLLISON CAVE 
Patent Attorneys for the Applicant 
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